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ANNUAL HRPORT. 



His Excellency 

KURODA KtYOTAKA, 

Minister of f^e Colonial Dejyartment. 

Sir,— I have the honor to present for your con- 
sideration the First Annual Eeport of Sapporo 
Acfricnltural College, which was formally opened hy 
Your Excellency on the fourteenth of August last. 

It has been well said " A country is nothing with- 
out men, men are nothing without mind, and mind is 
little without culture. It follows that cultivated 
mind is the most important ])roduct of a nation. The 
products of the farm, the shop, the mill, the mine, 
are of incomparably less value than the products of 
the schools. If the schools of a people are well 
taught, all else will prosier. Wherever schools are 
neglected it is a sure sign of national degradation and 
decay. The central point of every wisely administer- 
ed government is its system of education. The 
education of youth well cared for by a nation, out of it 
will grow science, art, wealth, strength, and all else 
that is esteemed great in the judgment of men." A 
profound respect for learning has long characterized 
the more cultivated nations of the East, but never 
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has greater enthusiasm in the pursuit of useful 
knowledge and the estahh'shment of educational in- 
stitutions been manifested by any people than by the 
Japanese under the intelligent government of His 
Imperial Majesty Mutsuhito. Actuated by this spirit, 
Your Excellency has founded the Sapporo Agricul- 
tural College at the cai)ital of your vast province of 
Hokkaido in order that the young men who are 
educated for officers may become familiar with its 
climate, soil and resources, and be qualified to aid 
efficiently in the development of its various productive 
industries. Though it contains exhaustless supplies 
of valuable timber nnd excellent coal, mtfrble and 
other minerals, and though the salmon, herring, 
cod and other fisheries are of immense valne, if 
properly conducted, yet the greatest wealth of 
the province is to be derived from its fertile soil. 
Agriculture is the surest foundation of national 
prosperity. It feeds the people, converts the ele- 
ments into property, and furnishes most of the 
mntorial for manufactures, transportation and trade. 
The business of a coimtry can be most profitably done 
by resident citizens who are intelligently and earnest- 
ly devoted to its welfare, and they alone can be relied 
on for its defense in time of foreign invasion. As 
soon as practicable, therefore, the migratory fishermen 
of Hokkaido should be converted into permanent 
settlers. 

The agriculture of Japan greatly needs improvement, 
and the value of its agricultural products should 
soon be largely increased. The most imi)ortant 
step forward consists in the general introduction and 
use of domestic animals of suitable breeds. These are 
necessary for a great variety of purposes. Horses 
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and oxen are required for farm labor and for draft, 
ft'ood milch cows for dairy products, beef, veal and 
liidos, sheep for wool and mutton, and swine for lard and 
pork. The food tluis i)rodaced should be chiefly con- 
sumed by the people for the increase of their comfort 
and ability to labor ; but if they do not desire it, it 
may be exported to foreign countries and exchanged 
for gold or other desirable articles. The wool is 
needed for the manufactuie of cloth and the hides for 
leather, of which at present there is no adequate sup- 
ply. An active, energetic people cannot long be con- 
tented with clumsy wooden clogs. Moreover, a 
scientific agriculture should both increase the pro- 
ducts and improve the fertility of the soil, and this 
can only be accomplished in a large way by the 
abundant use of fertilizers, the most useful of wljich 
for all purposes is the excrement of farm animals. 

The general use of horses and oxen would neces- 
sitate the manufacture of harnesses, vehicles, and 
agricultural implements, and so give employment to 
a great number of artizans. It would also enable 
iiirniers possessing teams to cultivate much more 
land and to do it more economically than under the 
old svstem. 

A proper mode of feeding would require the exten- 
sive cultivation of Indian corn and foreign grasses, 
which are the most abundant and profitable crops of 
the northern portion of the United States. Thus the 
annual hay crop from cultivated grasses in the state 
of New York is worth more thau fifty million dollars, 
and the corn crop of Illinois amounts to one hundred 
and thirty million bushels per annum. The value of 
the domestic animals in tlio United States is more 
than fifteen hundred millions of dollars, and the 



value of those annnally sold or slanghtered for food is 
not less than four hundred millions. Besides this 
immense sum derived every year from live stock, the 
country is enriched hy the labor of many millions of 
horses, mules and oxen, which is worth at least 
three hundred millions of dollars per annum. To 
this should be added the value of one hundred million 
poimds of wool, five hundred million pounds of butter, 
fifty million pounds of cheese and five hundred million 
gallons of milk. When now it is considered that all 
these sonrces of agricultural wealth are practically 
ignored in Japan, it will be readily admitted that 
there is room for improvement. 

But Your Excellency has appreciated the import- 
ance of introducing domestic animals, and already a 
successful beginning has been made in breeding horses, 
neat cattle, sheep and swine at the agricultural 
establishments of the Department at Sapporo and 
Nanaye. The difficulties, however, in the way of rapid 
l)rogress are by no means inconsiderable. The natural 
vegetation of Hokkaido is rank and coarse, and well 
suited neither for pasturage nor hay. Experience in 
America shows that while the natural grasses of the 
country are in some instances of excellent quality, yet 
ill almost all cases, it is necessary for success in stock 
raising to depend chiefly upon cultivated plants for 
winter feeding. While, therefore, wild Hokkaido hay 
may be often profitably employed, especially if re- 
duced to chaff' and steamed, it is nevertheless very 
essential for progress that forage plants be introduced 
as rapidly as possible. In like manner it may be 
wise to use for fodder beans, barley and rice bran, 
l)ut the main dependence for grain for stock in Hok- 
kaido should be upon Indian corn, for which the soil 




favorable, at least abont 



and climate are very 
Sapporo^. 

Aiiotliur ohsttiulc in the way of aticoeasliil stock- 
ntiuiiig is fiiuiid ill the iiKverty of tlw titviuevs ami 
their wrotclictlmiHlcsuriiuiiJiug. AVoU-lirwi tiiiiiuiils, 
whidi iiiiJ the iiiiMit ]irofitiiblc, could Imrdiy wurvivu 
the winter ytorms with unch sheltor as tlie country 
iieo]ilc deem siifficiuut tiir thciiiaulves. Gruod barns, 
thijrctoro, arc rwjiiirml fur thu iirotoctiun of aniuialis, 
crops and niamiru from the injurious effects of the 
weatlier. Yuur Exccllcni'y lias so clearly apprelionded 
this liu;t as to order tlie erection ui)oii the College 
larni at iriuiiporo of a model bam, tlie phiu ado|ited 
being 11 slight moditication of the one used on the 
estate of the Mas saehn setts AgriealtnnU College. 



LOCATION OF THE COLLEGE. 

The city of Sapporo ia situated on a fertile plain in 
the vnllo}' of tlie Islicaii lliver. It is the capital of 
the province of Holdiaido and contains iibont eight 
thousand inhabitants. Its streets are broad and 
straight, crossing each other at right angles in the 
direction of the cardinal pointa ; but the buildings 
are mostly in the Japanese style, which is unsurpassed 
ibr econcniiy both of taste, convenience and constrnc- 
tiou. There are, however, several confortabJe tene- 
ments-erected by the Government for its officers, and 
the public bnihlings are in foreign style. The civpitol 
is a somewhat imposing stt'nctnre surmounted by a 
dome-like cupola from the flag-staff of which floats 
the blue flag of the Colonial Department, in the centre 
of which is a five-pointed red star. This edifice is 
situated in the uorth-east portion of the city aad is 
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about seventy-five feet above the level of the seui 
Its latitude is 43° 3' 54" nortli, and its longitude 
is 141° 22' 5" east from Greenwich. The distance 
from Sapporo to the Japan Sea is about ten miles. 
AVest of the city lies a mountainous region, extending 
many miles to the west and south, which is covered 
with excellent timber, and from which flow several 
beautiful streams. The highest peak is about eight 
miles from the capitol and has an elevation of 
2,950 feet. It is called Mt. Tiene and afi'ords a 
charming view in all directions. A rapid mountain 
stream, named the Toyohira, runs through the eastern 
portion of Sapporo and furnishes ample water power 
for a large number of manufactories, as well as an 
abundant supply for the use of the city and for the 
irrigation of the College farm. An excellent wooden 
truss bridge, three hundred and fifty feet long, connects 
the two banks of the river and forms a portion of the 
great highway between Sapporo and the east coast. 
This road constitutes the direct route to Mororan and 
Hakodate, the latter city being about one hundred 
and fifty miles distant. 

The Ishcari is one of the largest rivers of Japan and 
in its broad valley are immense areas of fertile alluvial 
soil. In its lower portion the river is about seven 
hundred feet wide and twenty feet deep, and not only 
are its waters navigable, but they abound in salmorf and 
other valuable fish. In the upper portion of the valley 
are exhaustless beds of excellent bituminous coal, plenty 
of valuable lumber of many sorts and beds of hand- 
some marble and serpentine. The region drained by 
the river has only been partially explored, but enough 
is known to render it certain that it is admirably 
adapted for the support of a large and prosperous popu- 
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lation. The distance from Sapporo to the river is 
about eleven miles. 

The climate of this portion of Yesso is salubrious 
and agreeable, and favorable to the i)roduction of all 
the crops which are grown in the Middle States of the 
American Union. While the south-eastern portion of 
tlie island, witli a coast line of several hundred miles, 
has so little snow in winter that large numbers of 
horses run wild, receiving neither food nor shelter, 
yet in the western and northern parts snow is very 
abundant, though the cold is moderate. At Sapporo 

during the past winter the groimd has been so well 
protected by its white, fleecy blanket since Noveml)er 
twelfth that it has not frozen at all, so that a large 
amount of ditching, grading and fence-building has 
been done. Tiie mildness of the winters is unmis- 
takably shown in the character of the vegetation, 
which is exceedingly like that of Virginia. The mis- 
tletoe and several species of Magnolia are everywhere 
abundant, while the gigantic woody vines are so 
numerous and luxuriant as to remind one of a tropical 
country. A specimen of wild grape vine found in 
Sapporo and now in the College museum is eleven 
inches in diameter. There are two or three species 
of Ampelopsis and Vitis which make a handsome 
appearance in smnmer, and their autumnal foliage is 
of a brilliant scarlet. A Rhus equally beautiful, but 
very poisonous, attains a diameter of six or eight 
inches and a height of eighty feet or more, while a 
Celastncs, resembling scandens, grows nearly as large. 
Allied to this, and even more ornamental with its 
showy fruit, is the evergreen Euo7iymus raclicam 
which attaches itself by aerial rootlets firmly to the 
bark of trees and ascends to the height of from forty 



to sixty feet. But the largest and most remarkable 
climbers are a Schizophrayma with the fine foliage 
and flowers of a Hydrangea^ and an Acthiidia, one of 
the Camelliaceae, interesting botli for its vigorous 
habit and the grotesque forms of its immense twining 
stems, and also for its elegant foliage, its charming 
flowers and its palatable iruit. 

THE COLLEGE BUlLDIXiSS. 

Tlie buildings containing the lecture rooms, library, 
chemical laboratory and dormitories are well located 
on a square in the northern portion of the city, directly 
in front of the capitol. The soil is level and fertile 
and easily irrigated by water from the Toyohira. The 
area is fourteen acres and affords ample room for the 
necessary buildings, and a most excellent site for the 
Botanic Garden, to which it has been assigned. It is 
surrounded by an embankment of turf with a ditch 
on either side in true Japanese style. 

The frontispiece gives a correct idea of the front 
or western view of the College S(iuare. Tlie 
buildings are constructed of wood and, though not 
above criticism, are neat and convenient, and under 
the circumstances of the country, highly creditable to 
the officers who have erected them. The want of 
chimneys is a singular feature and betrays the south- 
ern origin of the builders, w^liile the lowness of the 
central building and the great extent of ground 
covered to obtain rooms for a few students, indicate 
the work of a native architect. 

The north building on the extreme left of the fron- 
tispiece is seventy feet long by thirty feet wide with 
an L in the rear thirty feet long by eighteen feet 
wide, and is occupied by lecture rooms, cabinets and 
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offices. Another L thirty-five by twenty-five feet, is 
utilized for servants, clothing, privies and fuel. 

The low building in the centre of the picture is one 
hundred and ninety-two feet in length by forty in 
width, and is chiefly used for dormitory rooms, which 
are fifteen feet square. A similar structure parallel 
with this and thirty-three feet in the rear, furnishes 
rooms for a dining-hall, kitchen, bath-room and ser- 
vants' quarters with necessary store rooms and offices. 
The two-story building on the riglit is connected with 
the dormitories, and is used for a lecture-room and a 
public study-hall. These rooms are about forty by 
twenty-seven feet and are very well lighted and ven- 
tilated. The entire establishment will comfortably 
accommodate from fifty to sixty students. 

Tlie new library is a small two-story building be- 
tween north college and the dormitory. 

The new chemical laboratory is a two-story build- 
ing, forty feet square, and located one hundred 
feet east of the study-hall. It contains in the 
basement a store-room for supplies, and rooms for 
packing materials and fuel. The lower floor is 
occupied by the general laboratory for students, the 
room for quantitative work, and the balance and 
furnace-rooms. On the second floor are the lecture 
and apparatus rooms, and the rooms for collections 
in mineralogy and geology, and in chemistry. Tlie 
entire arrangement and equipment of the building are 
in accordance with plans prepared by Prof. D. P. 
Penhallow. The cost of the laboratory, with furniture 
and chemicals for the first year, was about eight 
thousand dollars. 
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THE COLLEGE FARM. 

The mountains west and south of Sapporo consist 
of volcanic tufa and sandstones which have been more 
or less modified by heat. The tufa is easily worked 
and may be obtained in blocks of any desired size, 
but the sandstone is usually hard and much broken 
by seams. Tliere can be little doubt, however, that 
excellent quarries might be opened, if there were a 
suitable demand for stone. It cannot be long before 
the present shiftless practice of erecting houses and 
other buildings without either cellars or chimneys 
upon wooden foundations will be abandoned, and the 
rocks applied to their legitimate uses. 

The soil of Sapporo consists of a very fine, black 
earth about a foot in depth, resting on a diluvial 
formation of very variable materials. Sometimes 
it is a yellow loam, sometimes loose sand, and 
again beds of gravel and small pebbles and 
cobbles of volcanic silicious rock. Specimens of 
both the soil and subsoil have been collected for 
chemical analysis, but unfortunately the results 
cannot be obtained for this Report, owing to 
the delay in finishing the laboratory. The large size 
of the oak and elm trees standing upon it and the ex- 
traordinary annual growth of the herbaceous plants, 
Senecio palmcUuSj often attaining a height of twelve 
feet, give indubitable proof of the agricultural ex- 
cellence of this virgin soil. The ground has generally 
a gentle slope towards the Ishcari or the sea, 
thouofh the banks of the streams are usuallv hio^her 
than the adjoining country so that the drainage is 
away from them. In times of freshets the singular 
phenomenon is exhibited of rivulets running away 
from the large streams into the lower lands. The soil 
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ls very smooth und entirely free from stones. The 
roots of the forest trees are mostly in the mellow soil 
near the snrface, so that the stumps are removed witli 
remarkable facility. This peculiarity of the root sys- 
tem of all the trees of Yesso is doubtless caused by 
the abundant moisture >Yhich renders deep roots un- 
necessary, especially in the forests, which cover most 
of the country. 

The College farm lies immediately north of the 
capitol grounds and contains two hundred and fifty 
acres. Of this area about one hundred acres consist 
of most admirable tillage land in perfect condition. 
Last year it produced fine crops of herdsgrass, clo- 
ver, wheat, barley, oats, rice, beans, Indian corn, 
Chinese indigo, potatoes, flax and hemp. About one 
hundred acres of wild land of excellent quality are 
devoted to pasturage, and the remaining fifty acres 
are covered with timber. "Within less than one 
hundred feet from the barn flows a clear stream ten 
feet wide, which never freezes. 

Having been duly appointed Director of the College 
farm with the absolute control of its management, 
and with the sole responsibility for the wise expen- 
diture of the liberal sum of fifteen thousand, three 
hundred and fifty dollars appropriated for its general 
expenses, I entered upon the discharge of my duties 
on the eleventh of October, 187G. His Honor Vice- 
Governor Hori, to whom I was referred by Your 
Excellency for the adjustment of several important 
matters relating to land, live-stock and implements, 
treated me with great kindness and arranged every 
thing to my satisfaction. 

OflScers Hori Seitaro and Yoshida Kiyonori having 
been assigned to duty at the farm, the former as 



—12— 

secretary and interpreter, and the latter as superin- 
tendent, the work of improvement was vigorously 
begun. Bequisitions were made and granted for ten 
horses, four working bulls, and nine Sliortliorn cows 
and heifers and one bull. All necessary vehicles, 
machines and implements for the farm were also 
furnished at once or ordered from America. Fifty 
bushels of seed corn and fifty bushels of grass seed 
including all the most important kinds were at the 
same time purchased in Massachusetts and have al- 
ready arrived in Sapporo. 

With the aid of Professor AVheeler the farm was 
surveyed and a map prepared, which was approved 
at the capitol. As the old fences were very poor and 
the boundary lines very crooked, it was determined 
to run straight lines wherever it was practicable, 
and to enclose the entire farm with a new fence. 
After a careful inquiry into the cost of material 
and labor, I concluded to build by contract a fence 
of the following description, which is admirably 
suited to a country where timber is plenty and 
the ground sufficiently soft. For swampy lands it 
can hardly be surpassed. Oak stakes, six feet 
long for the upland and six and a half for the 
meadows, were sharpened and set one foot apart on 
the line. Tliey were then driven into the earth with 
heavy mauls so as to stand four feet high. The 
stakes are six inches wide and two or three inches 
thick and firmly secured at the top to long strips of 
oak, which are three or four inches in diameter and 
overlapped at the ends so as to form one continuous 
rail. Every stake is fastened to the rail by a loop of 
a grape or other vine about three quarters of an inch 
in diameter, long pieces of vine being wound back 
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and forth as far as tliey will reach, and the ends being 
firmly fixed so as to prevent unwinding. The vines 
were made more pliable by placing the coils as they 
were brought from the forest upon fires built for the 
purpose. As soon as they became hot the sap in 
the green wood was converted into steam and softened 
the woody fibre. The contractot furnished all* the 
materials and put up this fence in a most satisfactory 
style for thirteen and a half cents per ken, which is 
equal to about thirty-seven cents per rod. The total 
amount required to enclose the farm and pasture was 
more than three miles. 

The next improvement demanding attention was 
the opening of ditches to carry off the surface water 
which accumulated in certain portions of the tillage 
land, and to prevent water from the woods on the 
eastern boundary from entering the cultivated fields. 

After a thorough survey with a level it was decided 
to open a broad, shallow water course from the street 
on the southern boundary through the centre of the 
tillage land to the pasture on the north, a distance of 
about one mile. Accordingly with the aid of a plow 
and scraper the ditch has been dug most of the way, 
with a width of five feet at the toj) and a depth of from 
one to three feet as the level of the surface required. 
Besides serving to drain ofi* the surface water in spring 
and after heavy rains, this ditch will be of great use 
as the outlet of the water which it is proposed to 
introduce from the Toyohira for irrigation. In this 
way the grass crop can be largely increased and rice 
and cranberries grown in a most successfiil manner. 

About one hundred rods of ditch, two and a half 
feet wide at the top, and two feet deep, have been 
dug by contract during the months of December and 
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Jannary, altliough the snow was tliree feet in deptli. 
This ditch runs along the border of the woodland and 
cost four cents and nine mills per ken, or about tliir- 
tecn and a half cents per rod. 

In order to render the use of machinery practicable 
all thy roads and ditches with which the southern 
portion of the farm was intersected have been oblit- 
erated, and the twelve hundred small fruit trees of 
American varieties, which were set along their mar- 
gins, have been removed to a plantation by them- 
selves where they will receive every attention and 
soon come into bearing. 

A suitable gate has been erected near the old en- 
trance from the street, and a new road will be laid 
out in the spring to the office and barn . For the con- 
struction of this road a large amount of gravel has 
been brought during the winter from the bank of the 
Toyohira. In this way the men and teams have 
been furnished with exercise, and have earned some- 
thing to defray the cost of their maintenance. 

In feeding out the coarse, hard stuff called Hokkai- 
do hay, which seems to consist of nearly every variety 
of herbaceous plants except sweet grasses, and which 
is cut only when ripe and usually after frost, and left 
exposed to wind and rain till it is perfectly convenient 
to gather it, we have adopted the plan of steaming 
it, by which it is rendered more palatable as well as 
digestible. A tight box six feet square and three feet 
deep is filled with hay, cut into pieces an inch or 
two in length, and with this are mixed hot boiled 
beans and barley and sufficient boiling water to mois- 
ten the mass. The whole is then covered carefully and 
allowed to stand several hours, when both horses and 
cattle will ent a large proportion of what is given fhem. 
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This method of feeding is, however, both expensive 
and inconvenient, and involves the risk of loss by fire, 
against which the people here have not yet learned to 
take suitable precautions. Pipes, paper lanterns and 
open fires of charcoal and wood, are unsafe companions 
in a barn. It is proposed hereafter to have them all ex- 
cluded from the College barn, and to feed the stock on 

well-cured hay from cultivated forage plants with the 
addition of rice-bran, com-meal and roots, none of 
which will require cooking. 

THE MODEL BARN. 

The proper construction of farm buildings has been 
made the subject of much study and numerous ex- 
periments both in Europe and America. Where 
domestic animals require food and shelter for half the 
year, commodious barns are among the indispensable 
wants of a successfiil agriculture. The roof is one of 
the most important, the most perishable, and, there- 
fore, one of the most expensive parts of a building. 
It is consequently wise to plan for bringing as much 
as possible under the roof and so reducing it to the 
smallest practicable dimensions. Tlie next point de- 
manding consideration is convenience, or economy of 
labor. That barn is clearly the best, other things 
being equal, in which the necessaiy work can be done 
by the fewest men and in the least time. Finally, as 
manure is essential to any rational system of farming, 
abundant provision should be made for its manufac- 
ture and preservation. AVith these principles in view 
a design for a model barn for the College farm was 
prepared, and plans and specifications in accordance 
therewith furnished by Professor Wm. Wheeler. He 
ftlso made an isometric drawing of the frame iii Amer- 
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lean style by which a great saving of timber and 
labor is effected in the constmction, and a better 
building secured tlian is possible in the Japanese 
mode of framing. Tlie working plans were skillfully 
drawn by Mr. Adachi, the chief carpenter of the 
Department, who manifested much interest in learning 
how the work was to be done and in superintending 
its execution. 

In order that the barn may serve as a model for 
imitation, with suitable modifications according to 
circumstances in different parts of the Empire, it will 
be described somewhat in detail. The general ap- 
pearance of the exterior may be understood from the 
accompanying view, which is taken from the north- 
east. The building is one hundred feet long by fifty 
feet wide, and the height of the posts from the ground 
to the eaves is twenty-five feet. It is covered with 
spruce boards and battened with strips two inches 
wide, while the roof is of sawed spruce shingles. The 
foundation walls are built of seasoned oak and elm 
logs twelve inches square and of various lengths, 
which are laid horizontally one upon the other and 
securely held in i)lace by dowels, joints and headers. 
The manure cellar A in the plan is eighty-four feet long, 
fifty feet wide and nine feet deep in the clear. B is 
a yard for swine, which is thirty-foiu' by twenty feet. 
It is intended that a considerable number of swine 
shall be allowed to run on the manure in the cellar 
and to enjoy the sunshine and fresh air in the yard, 
which may also be connected with a pasture immedi- 
ately in the rear of the barn. C is a root cellar forty- 
five feet long and sixteen feet wide. Roots may be 
dumped upon slatted screens in the form of an A 
through trap-doors in the floor of the drive-way in 
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the first 8tory. The screens will break the fall of the 
roots and prevent bruises, as well as separate much 
of the earth which may liave adhered to them in the 
fiekl. D is an elevated walk through the manure 
cellar five feet in width. E is the drive-way into the 
cellar and is sixteen feet wide and closed bv doors 
hung at the top on irou rollers. The manure cellar is 
well lighted and ventilated by windows in the west 
end and also on the north side, and the root cellar 
is ventilated by flues extending to the roof A flight 
of stairs connects the cellar with the story above. 

The first floor above the cellar is devoted to the 
stalls and boxes for horses and neat cattle. It is so 
arranged that the stock can all have easy access to 
the barn-yard, which is on the sonth side of the 
building and is one hundred feet square. 

On the east side of the yard is to be an open shed 
forty feet long and twelve feet deep, with posts twelve 
feet high, for the shelter of stock running out of doors. 
The east side of this building, which is to be thirty 
feet in width, will be on a line with the front of the 
barn to which it will be connected, and will afford 
convenient shed room for carts and wagons. 

Upon the north side of the barn it is proposed to 
erect a wing sixty feet long and thirty feet wide with 
posts fourteen feet in height. The west side of this 
building will be on a line with the west end of the 
barn. In the lower story will be pens with yards 
adjoining for bulls, young cattle, sheep and breeding 
or fattening swine, while the upper story will furnish 
room for twenty tons of hay or straw. 

In the plan of the stock floor A represents grain 
bins four feet square, and in a line with the stair-case 
from the story above. B is a trap-door tWo feet square 
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in the floor of the drive-way 0, which opens into the 
root-cellar. D indicates the box stalls of which there 
arc six, each nine hy six feet. The partitions extend 
from tlie floor to the ceiling on three sides of these so 
as to prevent animals from distnrbing each other. 
E is a row ot twelve cow stalls, which are each three 
feet two inches wide. The length of the floor of one 
row of stalls for large animals is five feet eight inches, 
while in the other two rows of twelve each it is fonr 
feet eight inches. The mode of constrnction may be 
nnderstood by reference to the drawing of a section on 
another page in which A is the manger of two inch 
plank along the whole front of the stall. The bottom 
of the manger is eight inches from the floor. B shows 
a partition which is four feet high in front and slopes 
to the floor in the rear. The stalls are all separated 
in this manner. C shows the manure gutter eighteen 
inches wide and three inches deep, extending along 
the rear of all the stalls. D and E represent the 
floor planks sloi)ing one and a half inches each way 
from their line of junction, which is two feet back of 
the front of the manger. The slope of D is to carry 
off the urine and that of E is for the comfort of the 
animal in standing. H in the plan of the stock 
floor is a passage way fonr feet ten inches wide for 
leeding, the hay being thrown down through ,trap- 
doors in the floor above. The partition between the 
j)assage way for hay and the mangers is three feet 
high. To prevent the animal from getting hay 
under his feet boards are fastened obliquely from the 
top of the stall partitions to the centre of the front of 
the mangers. The mangers of the several stalls are 
separated by partitions. The cattle are to be secured 
by chains or straps attached to holes in the oblicjue 
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boards on the front of the mangers. F represents a 
row of ten stalls for workmg oxen or bulls, which are 
four feet wide and five feet eight inches long. G is 
a similar range of ten horse stalls constructed -as 
shown ill the section represented. A shows the 
manger of oak i)lank, two feet from the floor. The 
front is boarded up to tlie ceiling ; a space twelve 
inches wide and extending also to the ceiling, being 
led for the horse to feed through. The food is put 
into the manger through an opening twenty inches 
square in the partition B, which separates the stall 
from the passage way H. The opening for feeding is 
a sliding-door of oak bars, which will admit light and 
air but will prevent the horse from tossing his food 
out of the fnanger. C and D represent the floor, 
which is the same as in the cattle stalls and is very 
important in the horse stalls to obviate unnecessary 
tension of the back sinews. E is the manure gutter, 
and F, the partition extending to the ceiling. 

Itevei'ting to the plan of the stock floor, I indicates 
a passage ^^'ay, J, a manure gutter, K, a trap-door 
opening into the cellar, L, a passage-way five feet 
wide, and M, a door. There are four doors three feet 
in width opening into the barn-yard, and a door eight 
feet wide at each end of the drive- way C. Ventilation 
for this story is secured by having the windows hung 
with weights so as to let down at the top. The posts 
of the lower story are eight feet high, while those of 
the upper one are seventeen feet. 

In the plan of the hay floor, A shows a covered 
staircase leading to the stock floor, B, a driveway or 
threshing floor extending through the whole length of 
the barn, C, a bay for hay, the partition between which 
and the floor is three feet high. D marks a trap^ 
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door wliicli opens over a passage-way in front of a row 
of stalls in the story below for throwing down fodder, 
or straw for bedding. E is a sqnare space near the 
centre of the barn wliich will nc)t only admit liglit 
and air throngh its two windows, bnt also serve as a 
convenient place iov kcei)iiig tools and machines. 
Tlie two larofc doors at each end of the drivewav are 
hnng on iron rollers and each door is thirteen foet 
high and eight feet wide. Over the drive-wav is a 
moveable scaffold which will contain a large amonnt 
of corn stover, straw or other coarse material. Over 
each door-wav is a long window abont twenty inches 
high and sixteen feet in length. This story is well 
ventilated by windows at each end and by the cupola 
on the roof, which is furnished with a trap-door 
opened by a cord from the drive-way. This hay 
story will contain more than one hundred tons of 
hay which is to be unloaded and stowed away 
by means of a horse-fork. The whole arrangement 
of the barn is such as to economize Aianual labor as 
much as possible. The fodder is lifted to the place 
of stowage by horse-power and then has only to be 
thrown down into the drive-way, whence it is pitched 
down to the stock floor, where it is fed out. The 
manure is then dropped into the cellar below, where 
the solid and li(][uid portions are both preserved at a 
uniform temperature, and prepared for use in the 
field by the rooting and trami)ling of swine, and such 
manipulation as may be found desirable. A well 
graded road from the cellar renders it easy for teams 
to go in and out as required. 

The level character of the location rendered it ne- 
cessary to construct an inclined drive-way at each 
end of the barn as seen in the elevation. The one on 
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the cast end or frout is two liundred and fifty feet 
long and rises abont five feet in a hundred. It was 
constructed with the earth taken from the excavation 
for the cellar and is twenty-five feet in width at the 
top. It is built straight from the barn for fifty feet 
and then turii."^ at right angles to its first course and 
extends two luuidred feet to tlie south. Tlie drive- 
AN'ay at the rear of the barn is built of timber and 
turns to tlie north as represented. 

The office of the farm superintendent with rooms 
for the teamsters is about one hundred vards south 
of the barn. The building is one hundred feet long 
and tliirty feet wide with posts twelve feet high. It 
affords excellent accommodations for vehicles, ma- 
chines and hand implements, and a store room for 
seeds and fertilizers. 

The plant liouse recently erected by the De- 
partment near the College is sixty feet long and 
tliirty feet wide, and with an extensive range of cold 
frames aiid hot beds, is under the supervision of Mr. 
Boehmer. The students can here be instructed in 
the imj)ortant arts of propagating plants from seeds 
and cuttings, and of their cultivation under glass. 

MxiNAGEMENT OF THE COLLEGE FARM. 

Your Excellency has directed me to manage the 
aflairs of the farm according to my best judgment in 
order to make it a good model for the imitation of 
Hokkaido farmers, and to render it as useful as pos- 
sible to the Department in its efforts to establish in 
this new country a prosperous and profitable agricul- 
ture. 

Already under the care of Mr. Dun the Department 
has begun the breeding of horses^ ueat cattle^ sheep 
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and swiue, and the number of those imported has 
been considerably increased. The want of suitable 
barns and of cultivated grasses has been the greatest 
obstacle in tlie way of obtaining entirely satisfactory 
results. Many good animals have been raised, but 
the cost has been unnecessarily great and no adequate 
provision has been made for their distribution or econ- 
omical maintenance. The introduction of foreign 
grasses both for hay and pasturage should be pushed 
forward as-rapidly as possible, and for the present it 
will be wise economy to import a considerable quantity 
of seed every year from America, instead of attempting 
to raise it here. In this way a large extent of good 
turf and an abundance of excellent hay may be secured, 
both of which desirable results will be interfered with 
if the grass be allowed to ripen seed. Moreover, it is 
very important to naturalize immediately a great 
variety of forage plants, and the seeds of many grasses, 
especially, can be profitably grown and prepared for 
use only by a considerable expenditure of labor and 
skill. 

In the selection of breeds of horses iuid neat cattle 
for Yesso it is proper to consider the condition of the 
country and the character and intelligence of the 
people. Neither Thoroughbred horses nor Shorthorn 
cattle can be preserved in their excellence, if bred at 
all, by ignorant and half-civilized farmers, nor are they 
so well adapted fur their purposes as many other 
breeds. Large numbers of cheap and hardy cattle 
from California should be introduced as rai)idly as 
arrangements can be perfected for their care, and the 
farmers should be induced in some way to breed and 
use them for labor, or for dairy products. 

In regard to the cattle for breeding on the College 
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fawn, I recommend the importation of a few Ayrsliires, 
which are undoubtedly the best breed for the produc- 
tion of milk, butter aud cheese. The bulls would be 
much better adapted iu size aud inherited dairy 
qualities than the Shorthorns for crossing with 
native, or other, cows. It is time that people in 
Sapporo should cease to consume condensed milk 
from America, and butter from Denmark, and begin 
to enjoy the fresh products of Hokkaido farms. 

The working bulls now imported from Nambu are 
very serviceable animals, and it would be an excellent 
policy to purchase a large number of bull calves, and 
after their arrival here to castrate them and raise 
them for working oxen. They will thus be increased 
in size and docility, and consequent value both for labor 
and for beef. 

For the improvement of the horses of Hokkaido it 
is first necessary to carry out with vigor the regula- 
tions in regard to the castration of native stallions. 
In their stead horses from Nambu, if well selected, 
will serve to enlarge the breed and otherwise increase 
its capacity for usefulness. It is, however, absolutely 
indispensable to provide the young stock with food 
and shelter in winter in order to secure any perma- 
nent improvement. In the present condition of the 
Japanese people, if practicable in the existing state of 
agriculture in Ycsso, the breeding, of large horses is 
not likely to be profitable on account of the limited 
demand. Oxen can be employed for farm work with 
much greater economy than horses in a new country. 
Yokes and carts are much cheaper than harnesses 
and wagons, and the slow, but heavy, ox is much 
better suited to breakhig up new land, and clearing 
it of stumps, and for hauling lumber and stone than 
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the lighter and quicker horse. In addition to this the 
ox if properly fed is always worth his full value for 
beef, and while the horse is worthless when young, or 
lame, the M^ell conditioned steer or ox will always 
bring a good price. 

Tf, however, horses are to be bred for exportation 
or for draft, T should recommend the importation of 
large mares from California, with a few good stal- 
lions, in order to secure sufficient size and weiglit for 
heavy work. For the breeding of riding horses only, 
the mares of Yesso may be crossed with compact 
Tlioroughbred stallions with the certainty of good 
results, provided the colts are properly treated. 

As soon as fine, sweet grasses can be grown for 
pasturage and hay, sheep may be profitably bred in 
great numbers even by the Department. It would 
also seem to be an easy matter to induce the farmers 
to keep two or three sheep at least, and thus learn 
what quick and liberal returns they make. In the 
selection of breeds, I would be governed chiefly in 
the outset by the cost, deeming it most important to 
obtain as many and as cheap as possible, though I 
should greatly prefer the Californian to ihe Chinese 
sheep, as being more hardy and yielding a better 
fleece. The new sheep barn at Sapporo, with the 
surrounding pastures, is admirably adapted for its 
nses, and I would advise that only thoroughbred 
animals be kept there. These way well be offine- 
wooled Merinos, medium-wooled Southdown s and 
long-wooled Cotswolds or Leicesters. With these, 
trials can be instituted to learn which will prove most 
profitable in Yesso, and from them breeding animals 
may be sent to other parts of the island for the im- 
provement of ordinary flocks. 
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In regard to swine, the most important thing to be 
(lone is to persuade the farmers that it will pay to 
keep them. For this purpose it seems desirable to 
send some inteUigent person into the different villages 
to explain the advantages to be derived froni the vari- 
ous domestic animals, and to distribute breeding stock 
ui)on favorable terms among the farmers. It would 
also be very useful in promoting agricultural improve- 
ment to furnish men with teams to break up new 
land upon very reasonable terms, and to haul 
stone and lumber upon wagons or sleds cheaper than 
it can be transported by pack horses or by man power. 
The Department should also provide grass and clover 
seed at the lowest possible rates, and even sell it on 
credit to all who can be depended on to properly sow 
it. 

Two things essential to a prosperous agriculture are 
convenient transportation and a ready market, where 
farm produce can be always sold for cash. These are 
not often enjoyed in a new country, and Hokkaido is 
no exception to the general rule. The feeding ot silk- 
worms, upon either the Chinese white, or the wild 
black, mulberry, seems at present to offer an opportu- 
nity to raise a crop which may be quickly converted 
into money at renumerative prices. Tlie extraordinary 
demand for eggs and raw silk the past year has given 
a new impulse to this industry which it is to be hoped 
will advance it permanently. The extensive buildings 
already completed or in process of erection for the 
feeding of worms in different parts of Yesso attest 
the intelligent interest of the Department in this 
matter. If the Chinese mulberry should prove suf- 
ficiently hardy to be grown as a tree in Yesso without 
winter killing, there would seem to be no obstacle to 
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success. If on the other hand its long pithy shoots 
should be badly injured by severe freezing, it is quite 
possible to cultivate it as a shnib, pnining it nearly 
to the ground every year. The deep snows of Sapporo 
would afford the i)lants thus treated ample protection, 
just as the tea shrub is preserved in the interior of 
Nippon. 

AVliile the details of the management of the College 
farm must vary with circumstances, yet there should 
always be some rational system in view. The follow- 
ing facts and principles seem worthy of consideration 
in this connection. As the farm is designed to be a 
model for the imitation of the farmers of Hokkaido, it 
should first of all be manaored with economv. Un- 
necessary and unremunerative expenditures should be 
avoided, and in general only those enterprises should 
be undertaken wliicli promise a speedy return. It is 
much easier to begin new and apparently promising 
undertakings tlian to carry them through to a pro- 
ductive result. 

The first improvement to be attempted is the 
cultivation of foreign grasses and clovers for hay and 
pasturage. AVitli this object in view twelve hundred 
pounds of seed liave been ordered from America, 
wliich has just arrived. The species selected are red 
and white clovers, timothy, orchard grass, fo\Yl- 
meadow, red-top, tall fescue, blue grass, meadow 
foxtail, sweet-scented vernal grass, sheep's fescue, red 
iescue, water sweet grass, rough-stalked meadow grass, 
woolly soft grass, rye grass and oat grass. It is 
proposed to sow these on the smooth and mellow land 
which has been under the plow for the last two or 
three years. They will be variously mixed and the 
several mixtures sown in such a way as to determine, 



—27— 

if possible, the best time and manner of seeding down 
grass land, and the kinds best suited for permanent 
mowing and for pasturing. A large part of the seed 
will be sown early this spring, the land which is al- 
ready plowed receiving a top-dressing of either fish 
pomace or uiileached wood ashes. Some will be tried 
alone, while with other portions oats or millet will 
be sown and cut for hay before they blossom, that 
they may not weaken the young grass. Experiments 
will also be made in August, according to the most 
approved method of laying down land in Massa- 
chusetts. 

BEET SUGAR. 

Among the agricultural industries of the world 
which might be successfully undertaken in Hokkaido 
there is none that seems to me so worthy the atten- 
tion of Your Excellency as the production of sugar 
from the sugar-beet. This business originated in 
France, and was first rendered profitable under the 
wise policy of Napoleon the Great. Yet its progress 
was slow till about 1850, since which time its growth 
has been unprecedented. The production of beet 
sugar in France in 1850 was 60,000 tons and 
in 1870 it was 300,000 tons. In Austria the increase 
for the same period -was from 10,000 tons to 80,000 
tons ; and in Russia, from nothing in 1850 to 100,000 
tons in 1870. The people of Russia now consume three 
times as much sugar as they did before the introduction 
of this industry into their country. The tax on raw 
sugar in France in 1870 was three and three quarters 
cents per pound, which would aiford a revenue on 
300,000 tons of 22,500,000 dollars. A portion of this 
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tax IS remitted in the case of sugar exported to other 
countries. The government income from duty on 
alcohol, distilled from the molasses of the beet sugar 
factories, amounted the same vear to more than 
3,000,000 dollars. The tax in Prussia was three and 
two sevenths cents per pcnind, and the revenue not 
less than 15,000,000 dollars. From these statistics 
it appears that it must be a very profitable crop, since 
the tax equals nearly half the value o^ the sugar and 
amounts to from forty to seventy dollars an acre on 
the land cultivated in beets. 

Tlie quantity of sugar consumed annually is not 
less than 3,000,000 tons, of which the United States 
uses more than any other country, or about 700,000 
tons, while Great Britain imports more than 600,000 
tons. Tlie annual product of beet sugar is about 
700,000 tons and is constantly increfising. Sugar is 
a delicious and healthful article of food, and the de- 
mand for it steadily advances with the progress of 
civilization. As it is so universally find extensively 
used, the market is never glutted, and the price is 
very uniform. The value of refined beet sugar is 
from 200 to 300 dollars per ton, and, therefore, it may 
be cheaply transported to a market in any part of the 
world. The peculiar adaptation of this industry to 
the present wants and condition of Hokkaido will 
appear from the following considerations. 

First, — The soil in the valley of the Ishcari 
is well suited to the growth of a sweet and excellent 
beet, free from an excess of nitrogenous compounds, 
Avhich greatly interfere with the profitable extraction 
of the sugar. It contains an abundance of organic 
matter, and the subsoil is of such a character as to 
allow deep tillage, and to insure freedom from stagnant 
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water. The soil is very finely comminuted and per- 
fectly free from stones, and with barely sufficient 
shjpe to carry off the surface water. 

Sccondli/, — The climate seems to be admirably 
ada[)ted to the successful cultivation of the sugar beet. 
The summer is warm and the rainfall sufficient to 
cause a steady uniform development of the roots, while 
the autumn is all that could be desired for ripening 
the croj). 'Hie months of September and October, 
being bright and beautiful, and free from injurious 
frosts, insure the prevalence of the best possible wea- 
ther for the perfection and utilization of the roots. 
The mildness of the Avinter temperature and the great 
depth of snow are also very favourable for the preser- 
vation of the beets for winter use in the best condition 
at small expense. 

TJdrdhj, — The cheapness of labor, its cost being 
about one half the price in France, and the agricul- 
tural habits of the people, offer special advantages to 
this business. The Japanese farmer cultivates but a 
small area, and kee[)S this well tilled and quite free 
from weeds. He delights especially in a fine crop of 
big radishes, and understands how to raise roots. 

Fourthhj, — The low price of fuel renders Sapporo 
a very favorable place for this industry. Wood of 
any desired description cut into lengths of two feet 
may be purchased for one dollar and a half per cord 
of one hundred and twenty eight cubic feet, and the 
supply is inexhaustible. Most excellent bituminous 
coal is also to be found in abundance at less than 
thirty miles from the city. 

Sixthly. — The sugar manufacture requires an abun- 
dance of running water of good quality, which the 
clear and unfailing streams from the mountains here 
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can furnish, together with excellent water power, 
which may be made very useful. 

Secenthly. — Lime, which is iudispensable in the de- 
fecation of the juice, may be easily obtained from Ha- 
kodate or the Cliffs of the Islicari. 

Eighthly, — The want of domestic animals for the 
production of meat, hides, wool, dairy products aud 
fats for exportation, prevents the farmers of Yesso 
from obtaining the profitable returns of stock farming 
and necessitates the adoption of some other branch of 
agricultural industry in order to secure anything like 
reasonable progress hi the colonization of the island. 
Beets lor sugar are the only crop which can be raised 
for any considerable period in large quantity without 
the application to the soil of the manure of animals, 
or of costly commercial fertilizers. Under present 
circumstanceSj the large amount of refuse material, 
such as leaves, trimmings of roots, waste pulp and 
scum, amounting in all to eight or ten tons per acre, 
could probably be returned directly to the soil with the 
greatest profit, as is practiced even now in Belgium. 
But a large additional income is usually derived from 
feeding this refuse to animals, which thrive exceedingly 
well upon this food alone, and in France are often 
fattened for slaughter without the addition of any- 
thing else. It is a remarkable fact that those districts 
in France which produce the most sugar also produce 
a larger amount of bread aud meat than they did be- 
fore the establishment of this industry. They are in 
every respect more prosperous aud the wages of 
laborers are higher, while work is more abundant 
than in other parts of the country. It is a matter of 
great importance to provide labor for men, women 
and children in winter as well as in summer, and this 
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is done in the sugar factories, which make sugar only 
dariijg the fall and winter. Thus the same hands 
employed to raise the beets in sulnmer aid in their 
manuractiire in winter. 

yinetltli/, — The l)eet sugar business has ceased to 
be an experiment and attained a uiarveHous develop- 
ment, and in every country where it has been intro- 
duced it lias been successful and has steadily increased 
in importance. There is, therefore, no possible risk 
under proper management and favorable conditions 
in undertaking it. Next to the fisheries, which ought 
to yield a very large revenue with a comparatively 
small expenditure, the sugar production may cer- 
tainly be rendered the most })rofi table business in 
Hokkaido. 

Tenthly, — Sapporo is the best location for the 
inauguration of the enterprise on account of its 
excellent soil, its large population, its abundant 
and cheap fuel and its clear mountain streams. 
The scientific men, the valuable library, the convenient 
chemical laboratory and the fertile experimental and 
model larm of the Agricultural College, will all be 
most important aids in the accomplishment of this 
great work. 

The only practical difficulty to be encountered is 
found in the fact that the extraction and refining of 
the sugar can only be carried on advantageously on a 
large scale. The amount of beets for daily consump- 
tion in a suitable factory is from fifty to sixty tons, 
or the product of about three acres of land, which 
will yield from seven to ten thousand pounds of refined 
sugar every twenty-four hours. The machinery and 
buildings for such an establishment would cost not less 
than fifty thousand dollars, and the business would 



require the use of a considerable sum hi addition for 
tlie active capital to be enii)h)yed in defhiying current 
expenses, such as tlie \vag*es of employes and the 
purchase of roots. There are two factories in Ger- 
many each of wliich lias a capital of more than a 
million of dollars, and gives emidoyment to more 
than three thousand i)ersons. in France, coal 
costs five dollars a ton, labor forty cents a day, beets 
about four dollars a ton, laud fifteen dollars a year 
per acre, and the sugar is taxed three and three- 
fourths cents a pound, and still the beet sugar industry 
is more certain and remunerative than almost any 
other. Will it not pay in Hokkaido ? 

As there are several methods of treating the 
beet root, and as the prices of machinery arc 
more or less fluctuating, I would recommend that 
a careful inquiry be instituted in reference to the 
whole matter, and an elaborate report be prepared 
with detailed plans for everything recpiired before any 
further expenditure be authorized. 

Meanwhile, beet seed of the best sorts has been pro- 
cured and careful experiments Avill be made by Pro- 
fess ors Brooks and Penhallow in regard to the quan- 
tity and quality of the roots produced on the college 
farm during the ensuing season. If the subject should 
receive immediate attention, it would be possible to 
get a factory into complete running order in Sep- 
tember, 1878. 

CONCLUSION. 

In the autumn of 187o Your Excellency approved a 
plan for tlie Sapporo Agricultural College, presented 
for your consideration by Hon . Dzushio Hirotake, the 
present Director, and you requested His Excellency 



—33— 

Yoshida Kiyouari, the Japanese minister at Washing- 
ton, to select a president and two i)rofessors for the 
same. As tlie Massachusetts Agricultural College at 
Amherst was cliosen as tlie model for tlie new institu- 
tion, so the faculty of the latter were sought from 
among tliose who were, or liad been, connected with 
the former. The trustees of the Massachusetts Col- 
lege kindly loaned tlieir president for a year that he 
miglit organize the Japanese College, and he natural- 
ly took as his companions and assistants two graduates 
of the institution under his charge. These three 
gentlemen started for Sapporo on the twentieth of 
May, 1870, and arrived in good condition on the 
thirty-first of July following. 

The exercises at the opening of the College, on the 
fourteenth day of August, conRist<3d of addresses in 
Japanese from Your Excellency, from His Honor 
Vice-Go vernor Hori and Director Dzushio, and on 
behalf of the students, from Mr. Yasuda. The Pres- 
ident then spoke briefly in English, and a pleasant 
collation finished the ceremony in a suitable and 
satisfactory manner. 

From that time to the present the affairs of the 
College have given no trouble to any one. The officers 
have been very busily engaged in their several tasks, 
and the students have been perfectly obedient and 
faithful, and as successful as tlieir ability would allow. 
Every officer and every student has promised not to 
indulge in the use of alcoholic drinks, opium or tobac- 
co, and neither to gamble, nor be guilty of profane 
swearing while connected with the College. There 
need, therefore, be no anxiety about the conduct of the 
first class, and it is expected that their excellent ex- 
ample will be imitated by their successors. 
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Besides the conscientious perfonnance of their re- 
quired duties, the students have Ixjconie greatly inter- 
ested in out-door exercises and expecially in the col- 
lection of specimens in botany, zoology and entomolo- 
gy. Already a foundation is laid for a museum of natu- 
ral history which will undoubtedly be gathered very 
rapidly. The long summer vacation should be devoted 
by the professors and students to scientific excursions 
into the unexplored portions of the island, and as soon 
as possible a complete collection of all the soils and 
minerals, the herbaceous and woody plants, including 
every variety of timber, and all the forms of animal 
life, should be brought together and preserved in a 
suitable building. 

Living specimens of plants for the botanic garden 
should also be procured from every available source 
both of Hokkaido, and of other portions of the Em- 
pire. Contributions may also be readily obtained from 
other countries by exchange. Prof. C. S. Sargent, of 
Boston, director of the Arnold Arboretum, in acknow- 
ledging the receipt of seeds sent to him last autunni 
writes as follows — "Now what can I do for you? 
I should like to do something, and will send you all 
the American seeds you want, and any quantity of 
seedling plants of our trees and shrubs." 

A literary society has been organized with the 
name Kaishikisha, and all the members of the College 
are striving at their weekly meetings to improve in 
debating, writing and speaking, in both the Japanese 
and English languages. 

A catalogue of the books in the library is appended 
to this Report, and it is hoped that an important ad- 
dition to the English portion will be made this year. 
A large number of new literary and scientific works 
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are almost indispensable for the use of both professors 
and students. Books are their implements, without 
which thev can do but little. 

It is very desirable that a buikling be provided for a 
gymnasium and military drill hall and armory. In 
order to develop properly their bodily powers and render 
the young cadets active, graceful and vigorous, they 
shuuld be carefully instructed in the laws of healtli, 
and thoroughly trained in gymnastic exercises. These 
will be most useful if they can be practised in winter 
and in rainy weather, when it is difficult to accomp- 
lish much out of doors. 

Although the students are destined to become 
officers, it is intended to teach them thoroughly all 
the processes of practical agriculture, including the 
use of hand implements and of machinery, tlie care of 
domestic animals, and the management of teams both 
of oxen and horses. They will work in the field with 
Professor Brooks two afternoons of each week, when 
the weather permits. 

In addition to their regular prescribed duties in 
the recitation rooms the officers of the College have 
very cheerfully done whatever they could to advance 
the interests of the Department. Professor Pen- 
hallow has spent much time in the tannery, assisting 
in perfecting the process for converting deerskins into 
glove and chamois leather, and with good results. 
He has also prepared plans for a new tannery, and 
assisted in })roperly locating it. The drawings and 
specifications for the new ch emical laboratory and its 
fixtures have also been furnished by hhn, as well as 
the sketches of the elevation and interior of the model 
barn for this Report. Besides this he has zealously 
collected specimens of silk, wool, flax, hemp and other 
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fibres and subjected them to a thorough study with 
his powerftil microscope. Upon the structure of these 
he has wiitteu for this lleport an introductory essay, 
which will be followed by other articles as circum- 
stances may permit in years to come. 

Professor Wheeler has performed a large amount 
of valuable work as an engineer under very difficult 
circumstances on account of the season. In Decem- 
ber he surveyed the routes for the enlargement and 
straightening of the canal from Sapporo to Shinoro. 
He spent most of the winter vacation, in January, in 
locating a new highway between Sapporo and Otaini- 
nai, and he also located a raih-oad between the same 
points. For all the above-named improvements he 
furnished detailed estimates of the cost of construction 
and elaborate reports with maps ; and also instituted 
a comparison of these routes witli the proposed rail- 
road to Mororan. His general views on the various 
plans suggested are appended to this lleport. He 
also surveyed and prepared a map of the College 
farm and determined the levels required for the loca- 
tions of drains. 

He furnished the plans and specifications for the 
model barn, for a soldier-farmer's house and for a 
weather station. He also held numerous consultations 
with officers of the Department and made drawings for 
the construction of a machine for testing the strength 
of materials, a sled, a pump and a snow-plow. Ex- 
periments were also instituted by him to determine 
the value of various clays for brick-making. But 
perhaps nothing he has done is more important than 
the establishment of a Aveatlier station with a full 
set of instruments, and the careful observation of 
meteorological phenomena, which he has undertaken. 
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ms report upon the subject appended to this, will be 
found to contain mucli vahiable information in regard 
to the method of taking such observations, and their 
importance to the country. His recommendation that 
another station be established on the north-east coast 
is worthy the attention of Your Excellency. 

Besides the management and control of the College 
and English School, the President has given two 
hours of instruction daily, chiefly in agriculture, 
structural, physiological and descriptive botany, hu- 
man anatomy and physiology, and the laws of health 
and morality. He has also been constantly occupied 
in directing the improvements carried on at the 
college farm, including the details of construction on 
the model baru, and has conferred repeatedly with 
officers from.Nanaye in regard to the planting of forest 
trees and general farm management. He has also 
made excursions for the examination of coal beds, 
fisheries, stone quarries, coniferous forests for the 
manufacture of tar and turpentine, maples for the 
production of maple sugar, and wild mulberry groves 
with reference to the best mode of pruning and treat- 
ing them for the feeding of silk-worms . The general 
subject of planting, preserving and utilizing forest 
trees in Hokkaido is now under his consideration 
with a view to the preparation and enforcement of a 
suitable code of laws relating to forestry. 

The foregoing details in regard to the work accom- 
plished by the officers of the College during the seven 
months of their residence in Sapporo will show Your 
Excellency that they have not failed to take a lively 
interest both in their proper educational duties, and 
in every matter pertaining to the development of 
the vast and naturally wealthy province under your 
government. 
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In August last the College was visited by His Ex- 
cellency Prime Minister Sanjo, Minister of Foreign 
Affairs Terashima, Minister of AVar Yamakata, Mi- 
nister of Public "W^orks Ito and many other officers of 
their jmrfy. Tlie Prime Minister was graciously 
pleased to express in writing his satisfaction with 
what he saw, and generously presented a testimonial 
of his approval to each of the best five scholars. 

With sincere thanks for the exceeding courtesy 
with which I have been treated on all occjisions, and 
especially for the unusual confidence reposed in me, as 
shown by the ])romptness with which my suggestions 
have been followed, and the independent authority 
with which I have been clothed, T remain, 

With hearty respect. 

Your Excellency's 

Most obedient «ei*vant, 

W. S. CLABK, 

President of Sapporo Agricultural 
College and Director of College Farm. 

Sapporo, Hokkaido, 

March 2nd, 1877. 
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OF 

OFFICERS AND STUDENTS. 



GONDAISHIOKIKUWAN DzUSHIO HiROTAKB, 

Japanese Director. 
William S. Clark, Ph. D., LL.D., 

President and Director of College Farm, 
William Wheeler, B.S., 

Professor of Mathematics and Civil Engineering. 
David P. Penhallow, B.S., 

Professor of Botany and Chemistry. 
William P. Brooks, B.S., 

Professor of Agriculture. 
HoRi Seitaro, 

Secretary and Interpreter. 

YOSHIDA KlYONORI, 

Farm Overseer, 



FRESHMAN CLASS. 



Arakawa Shiofehide Toldu. 

Fiijita Yosliihide Shiga. 

Hiyoto Torao Sendai 

Idota Seitnro Oita. 

Ito Hadzntaka Toldo. 

Kamiimira Yukitaka Kag-osliima. 

KuroiVa Yomonosliiu Kochi. 

Naito Yosliikane Tokio. 

Nakasliima Sliiiishi Kanazawa. 

Ono Kanemoto Imaizumi. 

Olio Takiinia Tobetsu. 

Oshiina Masatake Atsumi. 

Sato Isami Yoiclii. 

Sato Shosuki Hauaniaki. 

Shimadzii Isaliaru Shidzuoka. 

Takabavaslii Kicliitaro Shidzuoka. 

Tanmki Kivosabuvo Tokio. 

Tanouchi Steroku , Kochi. 

Uchida Kiyoshi Kochi. 

Watase Torajiro Tokio. 

Yamada Yosliiliiro Tokio. 

Yanagiinoto Micliiyo«hi Kiiwana. 

Yasuda Nagaaki Mitajiri. 

Yokoyama Hikojiro Tokio. 
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OBJECT AND PLAN OF ORGANIZATION. 

The Sapporo Agricultural College was founded by 
the Colonial Department for the education and prac- 
tical training of young men from all parts of the 
Empire who are expected to become its employes 
after graduation, and to remain in its service for the 
term of five years. The number of students is limited 
to fifty, and all their expenses while in College are 
defrayed by the Government. 

The course of instruction will occupy four years, 
and those who complete it in a satisfactory manner 
will receive the degree of Bachelor of Science. 

The following branches of knowledge will be re- 
garded as important parts of the curriculum, namely, 
the Japanese and English Languages; Elocution, De- 
bate, Composition and Drawing ; Book-keeping and 
the Forms of Business ; Algebra, Geometry, Trigo- 
nometry, Surveying, Civil Engineering, so far as re- 
quired in the construction of ordinary roads and rail- 
roads, and of works for drainage and irrigation ; Phy- 
sics, with particular attention to Mechanics ; Astro- 
nomy ; Chemistry, with especial regard to Agricul- 
ture and Metallurgy ; Structural, Physiological and 
Systematic Botany ; Zoology ; Human and Compa- 
rative Anatomy and Physiology ; Geology ; Political 
Economy ; Mental and Moral Science ; Physical 
Culture ; Military Science and Tactics ; and the most 
thorough instruction in the theory and practice of 
Agriculture and Horticulture, the various topics being 
discussed with constant reference to the circumstances 
and necessities of the farmers of Hokkaido. 



CALENDAR. 

Eacli collegiate year will begin on the fourth 
Tliursday of August, and close on the first Wednes- 
day of July. It will be divided into two terms, the 
first contiiuiiiig from the fourth Thursday of August 
to the fourth Wednesday of December inclusive, and 
the second, fVom the fourth Thursday of Januaiy to 
the first Wedncsdav of Julv. 

TERMS OF ADMISSION. 

Candidates for admission to the Freshman Class 
will be examined orally and in writing upon the 
following subjects, namely; The Japanese and English 
Languages, which they should be able to read, write 
and speak with correctness and facility ; Arithmetic, 
Geography and Universal History, the knowledge 
required being equivalent to that contained in the 
common higher text-books for public schools. 

Candidates for examination must be at least sixteen 
years of age, of sound constitution and good character. 
They must also sign the prescribed form of contract, 
with the Government, and furnish a satisfactory 
surety, residing either in TokiO or Hokkaido. 

RANK AND DISMISSION. 

An accurate record will be permanently kept of the 
deportment, attendance and scholarship of every 
student. At the end of each term an examination in 
writing will be held and the papers marked upon the 
scale of one Imndred for perfection. The average mark 
for the daily recitations of the term will be added to 
the examination mark and the sum divided by two, 



—43— 

The quotient thus obtained will be the mark for the 
term in the subject under consideration. Tlie sum of 
the marks in the several departments of instruction, 
divided by the number of such departments in which 
the student has l)een taught during* the term, will 
give his general averajfe mark, and by this his rank 
in the chiss will be determined. When, however, the 
total number of exercises in the dei)artments for a term 
differs materially, the general average mark shall be 
obtained by the following rule, namely ; multiply the 
number of exercises in each department by the average 
mark of that department, and divide the sum of the 
prodncts thns resulting by the total nnmber of exercises 
in all departments for the term. The quotient will 
be the general average mark. 

Only such students will be allowed to go on with 
their respective classes as have made satisfactory 
progress in the studies of the preceding term, and 
have been regular in attendance and exemplary in 
conduct. 

Any student who may be dismissed from College 
on account of deficient scholarship, or misconduct, or 
who may leave voluntarily before the expiration of 
the time stipulated in his contract, will be required to 
pay the cost of his education as specified in said con- 
tract up to the date of his leaving. But no payment 
will be expected in the case of any one who may die, 
or who may be discharged on account of ill health, 
or by the Government without fault on his part. 

Any student, desiring temporary leave of absence 
on account of the sickness or death of a relative, is 
required to present an application from his parent 
or guardian accompanied by a certificate from a phy- 
sician and the chief magistrate of the town where the 
said relative resides. 



—44— 



GENERAL RULER. 

1. — Regular College exercises will be held every 
forenoon, except on Sundays and holidays, in term 
time. Wednesday afternoons will be regarded as 
time tor recreation. Other afternoons will be occu- 
pied by field work, military drill, scientific excursions, 
or as may be ordered by the President with the ap- 
proval of the Director. 

2. — Students must be regular in attendance upon 
all prescribed duties, and if necessarily absent from 
any, must as soon thereafter as practicable render an 
excuse in writing to each officer from whose exercise 
they have been absent. 

They must be quiet and orderly in and around the 
College buildings, and behave everywhere with pro- 
priety. 

3. — All the cases of discipline, except such as re- 
late to minor offences subject directly to the control 
of individual officers, shall be acted upon by the Col- 
lege Faculty, and their decision shall be approved by 
the Director before the infliction of punishment. 

4. — The College Faculty shall meet for business at 
the call of the President, or shall hold stated sessions 
as they may deem necessary. They shall elect a 
Secretary who shall keep a record of all their votes in 
a suitable hook, and also a register of all the marks 
of every student as reported at the end of each 
txirm. 

5. — The President shall exercise a general supervi- 
sion over all the affairs of the College ; shall see that 
the duties of Professors, students and employes are 
properly assigned and performed ; and, while consult- 
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ing freely with the Faculty on questions of discipUp'^ 
and administration, shall have authority to veto their 
votes and act according to his own judgment whenever 
he may deem it necessary for the best interests of tlie 
institution. 

He shall prepare for puhlication an annual report 
upon the work of the College during the preceding 
academic year, and state the condition and progress 
of the several Departments. The report shall also be 
accompanied by such useful papers as may be prepar- 
ed by members of the Faculty relating to observations, 
experiments and investigations in agriculture or any 
branch of natural science. 

6. — The members of the Faculty of instruction and 
government shall each be responsible for the proper 
education and discipline of the classes under his 
charge, and shall perform such official duties as may 
be assigned him by the President. He shall also be 
responsible for the safe-keeping of the books, ajjpara- 
tus and specimens in his department, and for the 
economical use of all material furnished for experi- 
mental or practical purposes. All requests for sup- 
plies, repairs and improvements shall be made to the 
President. 



COUESE OF STUDY AND INSTRUCTION. 

t'^RE8UMA:N^ YEAR. 

First Term, — Algebra, including Logarithms, 6 hours 
each week ; Chemical Physics and Inorganic 
Chemistry, 6 hours ; English, 6 hours ; Japan- 
ese, 4 hours ; Military Drill, 2 hours ; Manual 
Labor, 6 hours. 
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Second Term,— Geometry and Conic Sectious, 6 hours 
each week ; Organic and Practical Chemistry, 
8 hours ; Agriculture, 4 hours ; English, 2 hours ; 
Elocution, 2 hours ; Freehand and Geometrical 
Drawing, 3 hours ; Military Drill, 2 hours ; 
Manual Lahor, G hours. 

SOIMIOMUJIIO VKvVU. 

First Temu — Agricultural and Analytical Chemistry, 
8 hours each week ; Botany, 3 hours ; Human 
Anatomy and Physiology, 3 hours ; English, 2 
hours ; Elocution, 2 hours ; Agriculture, 4 hours ; 
MiHtary Drill, 2 hours ; Manual Labor, 6 hours. 

Second Term, — Trigonometry and Surveying, 6 hours 
each week ; Quantitative Analytical Chemistry, 
8 hours ; Botany, 4 hours ; Agriculture, 2 hours ; 
English and Japanese Translations, 2 hours ; 
Mathematical Drawing and Plotting, 3 hours ; 
Military Drill, 2 hours ; Manual Labor, 3 hours. 

JIJNIOU VKAU. 

First Term, — Mechanics, G hours each week ; Zoolo- 
gy, 3 hours ; Botany, 3 hours ; Fruit Culture, 
3 hours ; Enghsli, 4 hours ; Japanese, 2 hours ; 
Military Drill, 2 hours ; Manual Labor as re- 
quired. 

Second Term, — Astronomy and Topography, 6 hours 
each week ; Stock and Dairy Farming, 3 hours ; 
History of English Literature, 6 hours ; Land- 
scape Gardening, 3 hours ; English and Japanese 
Compositions and Translations, 2 hours ; MiUtary 
Drill, 2 hours ; Mechanical and Topographical 
Drawing, 3 hours. 
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SENIOR YEAR. 

First Term, — Physics, 6 hours each week ; Veterina- 
ry Science and Practice, 6 hours each week ; 
Geology, 4 hours ; Book-keeping, 4 hours ; Ex- 
tempore Debate, 2 hours ; Microscopy, 3 hours ; 
MiHtary Drill, 2 hours. 

Second Term, — Roads, Railroads and Hydraulic En- 
gineering, 6 hours each week ; Mental Science, 
4 hours ; Political Economy, 4 hours ; Original 
Declamations, 1 hour ; Military Drill, 2 hours. 



REMARKS. 

The foregoing programme of exercises is intended 
to be followed as nearly as the circumstances of the 
College will allow. In cases of necessity studies may 
be transposed from one term to another. Tlic manner 
in which the several branches shall be taught must 
depend largely upon the ability and preference of the 
instructor. Oral and practical teaching are most 
desirable, though text-books may often be wisely em- 
ployed in connection with them. The student should 
be constantly required to take notes of all information 
imparted which is not contained in the text-book, and 
should carefully and neatly copy them into a suitable 
book. The note books of the students should be crit- 
ically examined and corrected by the teacher in all 
cases. 

The hours of recitation and lectures should usually 
be in the forenoon, beginning at half past eight o'clock. 
Drawing will come in the afternoon and each exercise 
should continue one hour and a half. Military Drill 
should occupy one hour of the afternoon, and Manual 
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Labor three hours uik»ii the days appointed fi^r them. 
If tlie weather is unfavorable, they should be omitted. 

It matters little what text-l)ook8 are adopted, pro- 
vided the teachers arc competent, and suitable l)ook8 
of reference are accessible to the students. 

In the study of the EugUsh and Japanese Lan- 
guages great pains sh()uld l)e taken to secure fluency 
and correctness l>oth in speaking and writing, and 
especially in oral and written translations from one 
to the other. 

In Botany, Zoology and Geology the student should 
be required to observe closely, and to collect and pre- 
serve specimens of all sorts. 

The instruction should be as practical as possible in 
all departments so that the graduates of the College 
may ever be distinguished for tlieir sound judgment, 
their enterprising spirit, and their strict morality. 
Every teaclier sliould make his character and conduct 
worthy the imitation of his pupils, and should seize 
every proper opportunity to impart to them usefiil in- 
formation in regard to the care and control of their 
bodies, the discipline and enrichment of their minds, 
and the dignity and worth of their immortal natures. 

PRIZES. 

For the purpose of rewarding good conduct and ear- 
nest and faithful scholarship, the Faculty are autho- 
rized to divide among the members of the College the 
sum of one hundred and fifty dollars at the close of 
each collegiate year. The awards will be in sums of 
money not exceeding twenty dollars to any one 
student, and will be so distributed by vote of the 
Faculty as to recognize and encourage improvement 
and excellence in all departments. 
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Foryn of Application for Admission. 

Form of Application for Admission to Sapporo Agri- 
cultural College to be addressed to the Chief of the 
Colonial Department at Tdkio or to the Director of 
the College at Sapporo : — 

I respectfully ask to be received as a government 
cadet in the Sapporo Agricultural College, provided I 
am able to pass a satisfactory examination. 

Signature 

Date and Residence 



Agreement of Successful Applicant. 

Having been admitted as a cadet to the Sapporo 
Agricultural College, I promise and agree as follows, 
namely : — 

1. — If I should be expelled from the College on 
account of any violation of the laws of the country or 
of the Institution, or if I should be dismissed on ac- 
count of deficient scholarship, I will pay immediately 
to the treasurer thereof the cost of my education from 
the date of my admission to the time of my expulsion 
or dismissal at the rate of eleven yen per month. 

2. — After graduation I will become a citizen of 
Hokkaido, and will serve in the Colonial Department 
for five years upon the same terms as other officers of 
similar rank. I also promise never to petition for a 
change of my citizenship. 

3. — I will not oiFer my resignation as a cadet or 
an officer during the period specified in this agreement, 
even though sickness or other serious hinderance to 
my continuance should arise. If I should be com- 
pelled by unavoidable circumstances to ask for my 
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discharge, I promise to pay to the treasurer my pro^ 
portion of the whole expense of maintaining the Col- 
lege during my connection with it, the total amount 
being divided by the number present with me. 

Signature • • 

Province 

Class 

Date Father 



Agreement of Surety. 

As surety for cadet if admitted to the 

Sapporo Agriculture College, I hereby promise and 
agree to become responsible for his faithiul fulfilment 
of his agreement with the Colonial Department, 
and to pay promptly all his indebtedness to the 
treasurer of the College in case of his failure so to do. 

Signature 

Date •.... Province 



Endorsement of Provincial Governor. 

The accompanying documents are correct, and the 

within named may be admitted to the 

College. 

Signature 

and Seal 

of Governor •• 

of Province 
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Private Cadets, 

Private cadets may be received ou application to 
tlie Director of the College at Sapporo. They will 
be required to pay ten yen per month, and to furnish 
a surety like Government cadets. They will be treat- 
ed in all respects like other cadets ; but will not be 
compelled to remain in the employ of the Colonial 
Department; or to become citizens of Hokkaido. 
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CATALOGUE 

OF 

OFFICERS AND STUDENTS 

OF 

PREPARATORY DEPARTMENT. 



William S. Clark, Ph. D., LL.D., 
President, 

Ikawa Kiyoshi, 

histi^ctor in English Lamjiiatje, 
Yamada Masakuni, 

Instructor in Mathematics. 

Nagao Fusan, 

Instructor in Chinese ami Japanese Langua(jes. 

Mori Genzo, 

Business Manager. 

STUDENTS. 

Hino Atszane •Sapporo. 

Hori Soichi „ 

Ishikawa Kinjiro „ 

KannoShiu „ 

Kojima Kisaku ,, 

Kon Gaisaburo „ 

Koseki Yoshinobu „ 

Miki Uchio „ 
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Nakagana Minosuki „ 

Nakane Akira „ 

Nakane Kotobiiki „ 

Nakano Hide] iro ; „ 

Oinowye Arao „ 

Ooka Chiyokiclii „ 

Oota Chiyozo „ 

Sase Tatsaburo „ 

Senokuclii Takakaiie „ 

Takabatake Giichi „ 

Takabayaslii Kinzo „ 

Ujiye Kichigoro „ 

Unayama Hachiya „ 

Yanase Makoto „ 

Yoshimoto Kikiijiro „ 

Yuki Shiyogo „ 

Yuyama Tomonori „ 

Yuyama Tomoynki „ 



PREPARATORY DEPARTMENT. 

This Department is designed to prepare students 
for admission to tlie Sapporo Agricultural College, 
whose President will superintend the instruction of its 
classes. The students will be furnished with books 
and stationery and receive their education without 
charge, but will not be provided with board and 
clothing. The calendar will be the same as that of 
the College. Applicants for admission should be not 
less than twelve years of age, and well taught in the 
elements of tlie Japanese language, 
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COURSE OF INSTRUCTION. 

FIRST YEAR : THIRD CLASS. 

First Term, — English Language, 6 hours each week ; 
names of common tilings ; simple sentences, and 
familiar colloquial i)hrases ; correct and distinct 
pronunciation of elementary sounds. Reading, 
Spelling and Defining, 6 hours ; Mental Arith- 
metic, without text hook, G hours ; every student 
to have a slate or paper and pencil. Writing, 6 
hours. Special attention to be given to the pro- 
per mode of holding the pen, the position of the 
body, and neatness of the book. 

Second Term. — English Language, hours each week. 
Learning of words and construction of sentences. 
Distinct utterance and correct pronunciation. 
Reading, Spelling and Definitions, 6 hours ; 
Arithmetic, 6 liours. Mental practice and exer- 
cise on the black board and ]m])er. Writing, fi 
hours. 

SECOND YEAR : SECOND CLASS. 

First Term, — English Language, 6 hours each week. 
Exercises in Conversation and Recitation. Fa- 
miliar talks about common things and their 
repetition by the pupils. Reading, Spelling, 
Defining and Dictation, hours. Written exer- 
cises, carefully corrected by the teacher. English 
Grammar, without a text-book, 3 hours. Prac- 
tice in correcting errors of language. Geography, 
hours. Oral instruction with globe and wall 
maps, and afterward a text-book. Writing 
Japanese, 3 hours. 
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Second Term. — Englisli Language, 6 hours each week. 
Oral lessons, with examinations on them. Com- 
position on topics discussed, sometimes written 
in the recitation room and sometimes more care- 
fully prepared. Reading and Spelling and 
Analysis of sentences with oral instruction on 
the modifications of parts of speech, 6 hours. 
Practical Arithmetic, 6 hours ; Geography, 3 
hours. Japanese History, 3 hours. 

THIRD YEAR : FIRST CLASS. 

First Term, — English Reading and Spelling, 6 hours 
each week. The text-book in History may be 
used. 

English Grammar, 6 hours. 
Universal History, 6 hours. 
Geography, 3 hours. 
Writing, 3 hours. Practice in Letter-writing. 

Second Term. — 

English Grammar, 3 hours each week. 

Arithmetic, 6 hours. 

Geography 6 hours. 

History, 6 hours. 

English and Japanese Writing, 3 hours each. 
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CATALOGUE 



OP 



BOOKS IN THE ENGLISH LANGUAGE. 



Abel, CD Machinery with Atlas, vols. 1-2. 

Abert, S. T Is a Ship Canal Practicable ? 

Adams, A Manual of Natural History, 

Aj^ricultural Depart- 
ment, U.S Monthly Reports of 1867, *68, '69, 

vols. 1-3. 

Aitkin, W Science and Practice of Medicine 

vols. 1-2. 

Alcock, R. Three Years in Japan, vols. 1-2, 

Alcott Mood. 

Alden, John Text Book of Ethics. 

Alison, A History of Europe, vols. 1-13. 
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Weisbach, J Mechanics of Engineering. 

Wells, D. A Natural Philosophy, 50 copies. 

„ „ Principles of Chemistry, 19 copies. 

Wells, S. R Wedlock. 

Whately, R Elements of Logic. 

Wheaton, H International Law, 3 copies. 

Whiston, Wm Works of Flavins Josephus. 

Woehler, F Mineral Analysis. 

Wickenham, J. P. ...School Economy. 

Wiggins, J Embanking Lands, 2 copies. 

Willard, E Universal History. 

Williams & Co., Pub. Student's Guide to Locomotive En* 

gine. 

WillsonyM First Reader, 161 copies. 

„ „ Second „ 80 „ 

„ „ Third „ 49 „ 

„ „ Fourth „ 10 „ 

„ ,> I^'iftli „ 5 „ 

„ „ ....History of the United States^ 2 

copies. 

Wil8on> J Unitarian Principles. 

Wilson, G Inorganic Chemistry. 

Winton, J. G Modern Workshop Practice. 

Wood, J. G Illustrated Natural Philosophy. 

Wood and Bache U. S. Dispensatory, 1876. 

Woodward, G. E. ...National Architect, 2 copies 

Woolhouse, W.S.B... Differential Calculus. 

Woolsey, T. D Divorce. 

Worcester, J. E Comprehensive Dictionary. 

Wyld, J Map of British Isles. 



XenophoD * Analxusi.s and Memorabilia. 

Yalo, G Mining Claiin:i and Water Rights. 

Yanagawa^ 8 Circle of Knowledge, 19 copies. 

Youmansy E. L ElemenU of Chemistry. 

„ „ New „ 8 copies 

« « Atlas „ 
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CATALOGUE 

OK 

BOOKS IN THE SANSKRIT, CHINESE, JAPAN- 

ESE, GREEK, LATIN, GERMAN, DUTCH, 

FRENCH, ITALIAN AND SPANISH 

LANGUAGES. 



Adlcr, G. J.... German aud EDglish Dictionary, 2 

copies. 

American PresbyO i? i« i it ta* j« 

terian Mission f ^"^'l^ *"*^ J»Pan.o«e Dictionary, 
Press, Pub 3 13 copies. 

Andrews, E. A Latin and English Lexicon. 

Andrews & Stoddard.Latin Grammar, 2 copies. 

An thou, C Cicero. 

„ „ Horace. 

^, ,y Virgil. 

BenFev, T Sanskrit Grammar. 

Boise, J. R Xcnophon's Anabasis, 2 copies. 

„ „ Greek Prose Composition. 

Bbwen, F Virgil, with English Notes. 

Brassei't, H Zeitschrift fur Bergrocht, vols. 1-12. 

Brown, S. R Colloquial Japanese, vols. 1-2, 3 

copies. 
Cervantes, Miguel de.Don Quijote. 

Chouquot, G Easy Conversation in French, 31 

copies. 
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Cicero, M. T De Sonectate et de Amicitiay etc. 

2 copies. 

Clark, T Horace, Interlinear. 

Combes, C Exploitalion des Mines, et Atlas, 

vols. 1-4. 

Cooper, J. Q Virgil, with EuglisU Notes. 

Corneills Ersten Geographie Stundeu. 

Cortambert, E Geographic Modorue. 

Crosby, A Greek Gmmmar. 

Crosby, H (Edipus Tyrauiius. 

Cuore, L. B Italian Grammar. 

Daelen, Holleuborg 

und Diekmann Die Kalibriruug der Walzen. 

Degous6e et Laureut..Giude dn Soudeur, et Atlas, vols. 

1-3. 

Depretz, C Traitd de Physique. 

Dillaway, C.K Audia Adelpbique. 

„ „ Cicero de Natura Deorum, with 

Eng. Notes, vols. 1-2. 

„ „ „ de OtRciis, with Eng. Notes. 

„ „ „ de Oratore, with Eng. Notes, 

vols. 1-2. 

„ „ „ TusculaniB Qaestiones, with 

Eng. Notes, vols. 1-2. 

„ „ Plantas, with Eng. Notes. 

„ „ Quintilian, do. 

„ „ Tacitus, do. 

Doolittle, J Vocabulary of Chinese Language. 

Dupout, E Juririprudeuce des Mines. 

Fabricio, A Historiadores Espanoles. 

Folsom, C Cicero's Orations. 

FlUgel, J. G Dictionary, vols. 1-2. 

Gbijben, B Meetkuust, 3 copies. 

Hadley Greek Grammar. 

Hanson, J. H Preparatory Latin Prose Book, 

Harkness, A First Greek Book, 2 copies. 



—79— 

Harknessy A Introduction to Latin Composition. 

f, „ Latin Gramraar. 

Hcnsliaw, M Analysis of the Greek Verb. 

Hepburn^ J. C Japanese and English Dictionary, 6 

copies. 

„ „ Do. Abridged, 16 copies. 

Hoffnoann, J. J Japanese Grammar. 

Kaderly, J Lehrbnch der Deutschen Sprache. 

Kaitakushi, Pub EngHsli and Japanese Dictionary, 

102 copies. 
Karmarsch, B Handbook der Mechanische Tech- 

nologie, vols. 1-2. 

Kcio-gijukii English Grammar. 

Kempes, J. C.J Beginselen der Stelkunst. 

Klostermann, R Das Allgemeine Berggesetz fur die 

Prenssischen Staaten. 

Liddell & Scott Greek — English Lexicon. 

Lobscheid, W English and Chinese Dictionary, 

vols. 1-4, 7 copies. 
Masquelez Etablissoment de la Distribution 

d'Eau, et Atlas, vols. 1-2. 
M'Clintock & Crooks First Book in Latin. 

Miiller, F. M Rig- Veda- Sanhita. 

Noel eb Chapsal Grammaire Francaise. 

Ollendorf, H. G French Language. 

„ „ Key to do. 

„ „ Method of Learning French. 

5> 99 » w » Spanish. 

Obata, T. and J Yeibun Jukugoshu, 39 copies. 

Otto, E German Grammar. 

Owen, J. J Homer's Iliad. 

Percy, J Traite Complet de M^tallurgie. 

Prendergast, C Mastery Series, Spanish. 

Robbins, R. D. C Xcuoplion's Memorabilia. 

Robertson Complete Spanish Course. 

Rumpe,Moshes&Co..Pocket Dictionary, German — Eng- 
lish—French, 2 copies. 
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Schilling, N. H Trait £ d'Eclairngo par le Gaz. 

Sobilling, S Kleino Scliiil-Naturgcscliichte. 

Slnbnta and Roy as... English and Japanese Dictionary. 

Spencer, J. A Arnold'n Latin Prose Composition. 

Spierre and SurenncFrench and Englisli Dictionary. 

Swart, J Vcrzamcling van Sterre en Zee- 

vaarlkuudigc Tafeleu. 

„ „ Uandlciding voor dc Praktische 

Zeevaartkunde. 

Vingut, F. J Clare de los Eiercioios del Maestro 

<le Tnglcp. 
Willich & KasolowB- 

ky Ilandhuch dor Galvanoplastik. 

Whitcomh, C. & H... Modern Conversation in English and 

French. 
Zerenner, C Lohrbuch depDcntschenBergrechts. 



In addition to the foregoing the Library contains abont 
500 volnmes of books in tlie Chinese and Japanese Lan- 
guages, a Catalogue of which may be fonnd in the Japan- 
ese copy of this Report. 



—81— 



CATALOGUE 

OF 

MAPS, CHARTS AND DIAGRAMS. 



AiTOWsmitb, S The Map of the World. 

Drew, J Astronomical Diagrams, 1-12. 

Gnyot, A Map of the World. 

Huasis and Lubrecht..Americaii Railroad Map. 

„ „ Map of the World, Mercator's Pro- 

jection. 
HallJ Geological Charts (Rocks and Fos- 
sils), 1-2. 

Henslow, J. S Botanical Charts, 1-9. 

Johnston, A. K Largo Wtill Maps, 1-11. 

Marshall, J Pliy.viological Charts, 1-9. 

Mitchell, »S. A New Outline Maps, l-t>. 

Patterson Zoological Charts, 1-10. 

Prang, L.,Pub Natural History Series, Large 

Plates, 1-14. 
Reynolds, J., Pub Astronomical Charts, 1-6. 

„ „ >«>. Chemical „ 1-7. 

„ „ ....Geological „ 1-6. 

„ „ ....Diagrams Illustrating Physical Geo- 

graphy, 1-6. 

„ ,, ....Diagrams of Machines, 1-25. 

„ „ ....Views of Nature in All Climates, 

„ „ ....Section of the Earth's Crust. 

Tresling & Co., Pub.. Plan tenryk. 

Truscott, J Botanical Charts. 

White, G. C Art Studies, 
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METEOROLOGICAL REPORT. 



The work of the Meteorological Station was orga- 
nized under my department September Ist, 1876, at 
which time the accompanying register was initiated. 

Observations are taken three times daily, at 7 a.m., 
2 P.M., and 9 p.m., in accordance, mainly, with the 
standard system of the Smithsonian Listitution, 
Washington, U. S. The following data are thereby 
determined : — 

-1. Temperature in the open air, — Stated in degrees 
according to the scale of Fahrenheit's thermometer. 
The maximum and minimum temperatures for each 
day are also determined by self-recording thermome- 
ters. 

2. Pressure of the atmosphere, — Determined by a 
mercurial barometer. The hight of the mercury 
column is stated in inches, and is reduced to that 
which would occur if the mercury was at 32 degi!eeS) 
Fahrenheit. 

3. Pressure of aqueous vapor. — Obtained from read- 
ings of the wet and dry bulb hygrometer, by means of 
tables based on experiment. Under this head are 
entered the numbers which indicate the inches of 
mercury in a barometer, which the moisture of the 
atmosphere alone will sustain, — the whole pressure 
of the atmosphere, as given under the head of 
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" Barometer/' being due, conjointly, to the weight of 
the air and the moisture which it contains. 

4. lielatice Immidity of the atmosphere, — Deter- 
mined from observations of the wet and dry bulb 
hygrometer. This is expressed by the per centage 
which the amount of moisture actually present in the 
air bears to tlie amount which the air would contain 
at saturation. 

o. Time and amount of rain andsnon\ — Under this 
head are entered the time of l)eginning and ending of 
the fall of rain or snow, and tlie amount in inches of 
rain or melted snow collected in the gauge at the 
surface of the ground : also the depth ot tlie snow in 
inches. 

6. l)iredion of mtuL — llepresenting the direction 
from which the wind is blowing as indicated by a 
vane. The direction is entered in sixteen points of the 
compass. 

7. Velocity and progress of mad, — Ascertained by 
Robinson's anemometer, — showing respectively the 
rate of niovement in miles per hour, and the entire 
progress of the wind during the intervals between the 
successive observations. 

8. Amount of cloudiness, — Determined by estima- 
tion, and designated by figures representing the per 
centa«:e of skv obscured at each hour of observation. 

6. Fonns or varieties ofchud--T\ie^e are classified 
somewhat arbitrarily as follows : — Cirrus (cir.), con- 
sisting of slender filaments either parallel or divergent, 
having the greatest altitude, the least apparent density, 
and the greatest variety of form. The cirri are often 
composed of snow or ice crystals, and it is among 
these clouds that halos and parhelia are formed. Ct^ 
mulus (cum,), consisting of large white rounded 



—86— 

inasses rising either from an irregular or horizontal 
base. The cumuli are formed by the condensation of 
moisture in ascending currents of air ; their hight 
varying greatly, but always less than that of the cirri. 
Strattts (str.), composed of continuous horizontal 
sheets or layers, formed in the lower atmosphere, 
usually at about sunset and during the night. Niwius 
(nimb.), is applied to clouds from which rain or snow 
is falling. The primary forms of rain-clouds are fre- 
quently either cumulus or stratus. Intermediate 
varieties, or combinations of the foregoing are indicat- 
ed thus: — Cirro-cumulus (cir-cum.) ; Cirro-stratus 
(cir-str.) ; Cumulo-stratu^ (cum-str.) ; and Cirro- 
cumulO'Stratus (cir-cum-str.). 

Observations of casual phenomena, such as light- 
ning, rainbows, halos, earthquakes, early and late 
frosts, depth of ground frozen, extraordinary fluctua- 
tions at irregular hours, etc., are also recorded. 

Appended to each monthly register is a summary, 
showing the mean, the maximum, and the minimum 
of the several observations for the entire month, and 
also for each of the three series of daily observations.* 
At the close of each year, an annual summary will be 
prepared, and at all times, it should be the endeavor 
of the observers to determine as accurately as possible 
the climatic laws of this locality, and to derive 
practical lessons therefrom in the interests of agri- 
culture, the constructive arts, commerce, and those 
mightier factors in the economy of nations, — the 
health, energy and comfort of the people. 

* For want of space, and for the sake of simplicity, several 
columns of daily ** means," the "kind of clouds," and the month- 
ly ** mean," ** maximum," and ** minimum" results for each of the 
three series of daily observations are omitted in the accompanying 
abstract of the Meteorological Eegister. Complete copies are filed 
at the Capitol, Sapporo, and at the office of the Colonial Depart* 
ment, TOkiO. 
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In order to facilitate the work of the observer, and 
to secnre the highest degree of accuracy in the results, 
a carefully planned meteorological station has been 
erected in an isolated position, upon the roof of the 
Kiu Honjin, and fitted out with a set of standard 
instruments, made by Casella, London. 

The value of meteorological records depends upon 
their accuracy, completeness, and their intelligent 
interpretation and use. They constitute an element of 
peculiar importance in the development of a new 
section of country, especially if its climatic character 
is unfavorably belied through ignorance existing 
within its own realm. They furnish to the world 
another chapter of its natural history, publishing the 
true story of its climatic capacity, — its flora, its posi- 
sible agricultural wealth, the salubrity of its atmos- 
phere, the beauty of its landscape, — ^in a language 
which all may comprehend. Connected with a fertile 
soil, abundant forests of valuable timber, and extensive 
mineral resources, there could be no better advertise- 
ment to invite enterprising settlers and capitalists to 
Yesso, than the assurance of a climate favorable to 
the highest excellence of her future agriculture, and 
promising pleasant, healthful homes to all her people. 

The work that has here been entered upon will be 
an essential element in conducting agricultural 
experiments under the auspices of the College, and 
will afford a valuable source of instruction for the 
students. It will also fiirnish an important link in 
the chain of positive evidence by which the meteor- 
ological laws prevailing throughout the Empire, and 
along the eastern coast of Asia may be determined, 
and their manifestations foretold. 

By the adoption of a well organized systenj of ob-. 



iemtiom wtA caaptasaons oi the metonologiad 
phenomeDa in toe Uiired States, the mpptomeiuBg 
CfmdiUfm» of tempi^rature. annc^pbeiic pressure, imin, 
snoWy wind. cload« etc.. are paLlished dgdiy with 
almost perfect sui-cnracv. rhrc*iighont the whole 
oountry, by the agt.-ncy ^*f the telegraph and the 
press ; thns conferrln;^ coontless benefits upon all 
classeSy and especially njK*n agTicnlmral and oom- 
mercial enterr»ri>e. T*^* prepare f^r the introdaction 
of a similar system in Japan, additi'^nal stations must 
be established thron^h«.at the conntrv. accordinc^ to a 
comprehensive and careftilly deWseil plan. 

Haviuglieeii notiiied that a duplicate set uf meteor- 
ological instruments belongiug to the Kaitaknshi is 
now iu SapjKiro, I wouhl respectfully recommend that 
they be utilized, aud tliat a stati<in for observations 
be established at some point near the extreme eastern 
or north-eastern cr»a8t. 
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)ctober 9th — 10th, and disappeared October 16th and 17th. % Light 
Df October 30th — Slst^ ice formed about i inch thick. 
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Sapporo, Japan, February 20th, 1877. 
To His Excellency, 

HORI MOTOT, 

Kaitak u Da t- Shiokikwan . 

Sir: 

Upon the 25th of November last, by request of 
Your Excellency, a trip was made from Sapporo to 
Shinoro, to examine the ditch canal and the Shinoro 
river, in view of proposed improvements thereof for 
navigation, the party consisting of Your Excellency, 
Mr. Iwafuji, Chief of Public Works, Mr. Kojima, In- 
terpreter, and myself. 

The relative advantages of constructing and operat- 
ing a lock canal from Sapporo to the Barato river 
near its union with the Ishcari ; of opening a first 
class highway from Sapporo to Otaru ; and of build- 
ing a narrow gauge railroad to either of these navig- 
able approaches to Sapporo from the west, were also 
discussed. Whereupon, T was instructed forthwith 
to make a thorough examination of the transporta- 
tion facilities between Sapporo and tide-water, by 
instrumental surveys of the routes toward Shinoro, 
and a reconnaissance of the Otaru routes ; to prepare 
plans and estimates thereon ; and to report without 
reservation, as my best judgment should dictate, at 
the earliest opportunity. It was afterwards deemed 
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expedient to make, likewise, an instrumental survey 
of the routes to Otaru, in order to obtain a more just 
comparison with the Shinoro routes ; and my sugges- 
tion so to do was covered by your farther request that 
this be done immediately after tlie Shinoro surveys 
should be completed. 

Now, therefore, in confcTmity with the instructions 
so received from Your Excellency, I have the honor 
hevcwitli to report, and do respectfully submit the 
accompanying plans and estimates. 

Having made satisfactory arrangements for my 
temporary absence from the College, a survey party 
was immediately organized, consisting of Mr. Kato 
as my principal assistant, Mr. Kojima as interpreter, 
who also rendered much additional assistance, and 
from six to eight coolies, serving as chainmen, rodmen, 
axemen, etc. 

The field was taken December 4th, and by carrying 
the work forward as rapidly as the inclemencies of 
the season permitted, we had finished, December 
28th, the surveys of the old ditch canal; of Kotoni and 
Shinoro rivers ; of the new cut-off canal from Shi- 
noro to Barato river ; and thence, of the Barato, to 
the Ishcari river. Accurate levels of the groundj 
and of the water in these several channels were taken ; 
and the depths of the water therein, and of the mud 
in the swttmps were duly measured. 

During the month of January, with the assistance 
of the same party, the surveys between Sapporo and 
Otaru were made. The features of the ro^ky bluffs 
and mountains which skirt the coast from Jenibako 
to Otaru were carefully noted, and the feasibility 
of making all ascents and descents with the least 
possible inclination or grade was kept constantly in 
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view. Tlie survey <>f this line was finished January 
20th, after which — my attendance being then re- 
quired at the College — the levels thereof were takeu 
by Messrs. Kato and Xa.sa, according to my direc- 
tions. Mr. Kato has also made, at my request, the 
survey for a canal running straight from the juuctiou 
of the ditch canal with Kotoni river, to tlie new cut-off 
between Shinoro and Barato rivers, and has done his 
work well. 

Tliese surveys, together with the reconnaissance of 
the mountain route between Otaru and Jeuibako, 
made in company with Your Excellency ou the 13th 
of November last, comprise the field work upon which 
this preliminary report is based ; and they have been 
made with a degree of care which enables me to olBFer 
these conclusions in the belief that they are substan- 
tially correct, — at least, in so far as I am able to com* 
prehend the true i^olicy of the Kaitakushi with regard 
to opening other lines of communication with the 
superior harbors of the eastern coast. 



KOTONI AND SIIINOHO IlIVER ROUTES. 

Tlie distance from the canal dock of Sapporo to the 
Kotoni river, following tlie line of the ditch canal, is 
17,750 feet, in which the water falls 27i"oV feet. 

This line is somewhat indirect, and at about half a 
mile from the dock it enters an extensive swamp 
which reaches to the nortli of the Kotoni river, and 
through which the mud is from ten to eighteen feet 
deep. The trees in this swamp are generally scatter- 
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iiig, and a large i)r(»portiou of those in tlie more dense-' 
ly Avooded parts near tlie line of tlie canal liavc re- 
cently died. Yonr Excellency liavinof called my at- 
tention last Noveml>er to tlie fiut of the death of 
these trees soon after this channel was cnt, I ohserved 
that when the canal was closed hy the ice on the Oth 
of Deceniher last, it was so mnch obstrncted thereby, 
as to cnnse the water to oyeriiow its banks, even as 
far sonth as the streets of Sapporo. Mnch of the 
8wami> was covered from one to two feet in 
depth, causing the snrvey to l>e snspended nntil it 
had become frozen, and shoAving what has, apparently, 
during preceding years, i^roduced the injury alluded 
to. 

Following the course of the Kotoni and IShinoro 
rivers, by the way of the short cut-off near Shinoro 
village, and the longer one from the Sliinoro to Bara- 
to river, we find the distance from the ditch canal to 
Barato river to be 31,634 feet, and tlie fall of the 
water 18^Vj,feet; thus making the whole distance 
from the dock to Barato river by this* route, 49,385 
feet, or O-'^j', miles ; and the total fall of the water, 
45/.^; feet. 

It will be observed by the accompanying map, that 
the course of the Kotoni and Shinoro rivers is exceed- 
ingly tortuous. Their width varies from fifteen to 
fifty feet, and depth from two to five feet, — the pre- 
vailing width being about twenty-five or tliirty, and 
depth three to four feet. At the lower end of the 
canal the banks of the river are about one foot above 
mean water, continuing so through the swamp for 
about two miles, when the stream gradually falls be- 
low the level surface of the country, until at Shinoro 
village and beyond, the banks arc from six to ten feet 
above mean water. 
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The velocity of the current averages from two to 
three miles per hour, while for short distances, as at 
many of tlie very abrupt turns, it is much greater ; 
so that it is frequently almost impossible for boatmen 
to prevent the dug-out canoes which arc now used 
thereon, from striking the banks of the stream in 
passing such points. 

It seems hardly necessaiy therefore to say that any 
system of steam navigation in the present channel — 
either by the use of steam transports, or tug-boats — 
is impracticable. 

I am also equally assured, after a careful study of 
the case, that any attempt to straighten or otherwise 
to improve tlie channel for steam navigation, or canal 
operation would be utterly inexpedient. 1. Any 
undertaking of that nature, sufficiently complete to 
accomplish its purpose will involve an expense equal 
to that of an independent channel throughout, or of a 
lock canal such as will be hereafter described. 2. 
If done, the velocity of the current will be materially 
increased thereby, causing the washing down of the 
banks in some places, and producing shoals in others. 
3, The annual spring floods will tend constantly to 
deviate from the artificial channel, and eventually to 
reproduce its natural condition. 

All these difficulties would be certain to foUoW 
to a greater or less extent, so that I must respect- 
fully recommend that the project be discarded. 

The construction of a tow-patli for the use of horses 
in propelling river boats is quite as impracticable as 
are the measures already mentionod. 1. As already 
intimated, the crookedness of the channel, and the 
velocity of the current would render either a loaded or 
empty boat almost unmanageable when drawn by 
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horses as a canal boat. 2. Tlie cuirent coming against 
loaded boats chiefly^ at the rate of two and a^half 
milea per hour, it would require precisely four times 
the power that would be necessary to draw the same 
boat and load in still wat«r, at the ordinary speed of 
two and a-half miles per hour. Tliis objection applies 
with equal force to the proiiulsion of boats against 
the current in any stream or caual, whether by men, 
horses, or steam. S. A tow-path, to be of practical 
service, should be constructed closely along the edge 
of the channel, at a nearly uniform liiglit not exceed- 
ing four feet above the water. Tlie annual freshets 
in the lower portion of the Shinoro river would 
overflow such a path, and the increased power of the 
current cause serious injury thereof. 4, The prime 
cost of n tow-path would exceed that of the direct 
lock canal hereafter to he described. 

Other cogent objections might be urged against 
either of the foregoing projects ; but in the light of 
all my own study and observations thereon, 1 con- 
sider any one of the diificiiltieH stated above, to be a 
fiufScient ground for Your Excellency's disapproval 
tliereof, — especially in view of the superior claims of 
other plans to be considered. 



LOCK CANAL ROUTE FROM SAPPORO TO 
BARATO RIVER. 

The Kotoni and Shinoro rivers having proved to 
be unfit for successful navigation, we next consider 
the improvement of tlie ditch canal as part of a com- 
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plete lock canal route from Sapporo to Barato river, 
— the remainder of the route to rim straight from 
the jimction of the old canal with Kotoni river, to 
the Barato river near the lower end of the cut-off, 
as shown by the red dotted line upon the accom- 
panying map . 

The distance from Kotoni to Barato by this line is 
17,150 feet, and the fall 18AV feet. The whole dis- 
tance, therefore, from Sapporo, is 34,900 feet, or 
CtVt miles; which is 2t^ miles shorter than by the 
river route. 

Tlic advantages to be gained by following the old 
canal as far as Kotoni, instead of adopting an air 
line throughout the whole distance, are threefold. 
1. It will be of great assistance in transporting 
lumber and other materials required in the construc- 
tion of the new work. 2. Its channel will aftbrd 
good drainage wliile the works are in progress. 3. 
The labor of removing trees and stumps along that 
portion of the line has h1 ready been performed to a 
great extent. 

Tlie experience of all western countries, where 
canals were in commou use for freight transporta- 
tion, previous to the general introduction of railroads, 
has proved — as common reason fully demonstrates 
— that canals which connect points of different ele- 
vation, should be divided into several level portions, 
communication between which is elFected bv means 
of locks. A lock consists of a basin or inclosure 
in the canal, usually made just large enough to 
receive one boat. This basin is provided witli strong 
gates at each end for the entrance aud exit of 
boats, and for retaining water in the lock at dif- 
ferent elevations : also with water valves bv which 
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the lock can be filled or emptied for the purpose of 
raising or lowering the boats as they pass from one 
level to another. Tlie quantity of water in the canal 
is regulated by a weir or overflow in each level. The 
value of these expedients — to avoid waste of power 
by the resistance of a current; to prevent injurious 
washing of the water-way, and the destructive over- 
flow of freshets ; and to employ the water with the 
utmost economy — is too evident to require further 
explanation ; and they may be considered as absolute 
necessities in this case. 

The large swamp before mentioned extends about 
two miles north of the Kotoni in the line proposed, 
making nearly five miles of swamp traversed thereby, 
which is poorly adapted fin' canal construction and 
maintenance. The plans upon which my estimates 
for this portion of the route are based, provide for a 
row of sheet-piling npon each side of the water-way ; 
said sheet-piling to consist of three-inch planks 
driven to a proper depth, and supported by a line of 
timber piles, driven twelve feet apart to a hard 
bottom, and capped with a course of timber one foot 
square. The locks are to be eight in number, con- 
structed with heavy timbers upon a pile foundation, 
— stone being too expensive in this locality — and 
the sides and bottom thorouglily caulked, so as to be 
practically water-tight. 

Tlie general dimensions of the proposed canal are 
to be mainly as follows : — 

Width at surface of water, in hard 

land, 25 feet. 

Width at bottom, in hard land 14 feet. 

(Sufficient for two boats to pass, in opposite directions.) 



Tndth between sheet piHngy in 

swamp land^ 16 feet. 

Depth of water, 3| feet. 

Width of tow-path for horses, feet. 

Tiength of Lock chamber 60 feet. 

Width of L<^)ck chamber 8 feet. 

Lift of Locks, from one level to 

another from 5^ to 7^ feet. 

The boats shonld be from fiftr to fiftv-five feet 
long, seven feet wide, and draw about two and one- 
half feet of water when loaded ; thus having a capacity 
of twenty to twenty-five tons. Snch a boat with a 
full lading may 1^ drawn by one horse at the rate of 
two miles an hour, not including the delay of passing 
through the locks. 

Tlie dock at Sapporo should be deepened, and made 
wide enough to turn about readily, therein. Dock 
accommodation should also l)e provided at the Barato 
end of the route, for which purpose a part of the new 
cut-off can be made suitable. 

It was oridnallv mv intention to make this cut-ofT 
a part of the canal route, as shown by the full red line 
on the accompanying map. Learning afterwards, how- 
ever, from Mr. Iwafuji, that the land in its vicinity is 
frequently covered by the flood waters of the Lshcari 
and its branches, it became necessary to establish the 
water way of the proposed canal mainly above the 
natural surface of tlie ground in that vicinity. Hence 
the channel of the cut-ofF was discarded in favor of 
he direct line. 

Such is an outline of the plan proposed for the 
improvement and construction of a route which ap- 
pears to be the least objectionable of those suggested 
between Sapporo and the Ishcari river. Further 
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allnsion will be made to its merits as compared ^"ith 
those of other plans now to be considered. 



HIGHWAY FROM SAPPORO TO OTARU. 

In attempting to select tlie best route for a first 
class country liighway between Sapi)oro and Otarn, 
it has been my aim to secure the shortest possible 
time consistent with the following points, to wit:— 

1. — Easy grades, or gradual inclinations in mak- 
ing all ascents and descents. 

2. — Economy of construction, by avoiding as much 
as possible extensive swamps, heavy excavation and 
embankment, and unnecessary rock cutting. 

3. — Durability of roadway, by keeping above the 
reach of ordinary storm waves along the precipitous 
coast, and by protecting the most exposed parts of 
the road from the sea, by permanent retaining walls 
of stone. 

4. — The opening up of valuable land between Sap- 
l)oro and Jenibako, for settlement and improvement* 

5. — Non-disturbance of houses, as at Jenibako 
and Otaru ; at the former of which, a saving of dis- 
tance, and immediate access to land- valuable for 
building, is eflected; while at Otaru, distance is 
likewise reduced thereby, and steep grades avoided. 

The route thus obtained, where varying materially 
from the old road, is represented by the full red line 
upon the accompanying map of '^ Transportation 
Routes between Sapporo and Otaru." 

Beginning near the west end of Sorachi street) 
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and running in a line nearly direct to the foot-hills 
near Santarobetsu — a little more than half way to 
Jenibako — a reduction of 7,050 feet, or 1 iVv miles is 
made from the distance by tlie old liighway, reckon- 
ing from the Capitol by each route, to their intersec- 
tion near Santarobetsii. The line crosses in this 
distance about two miles of swamp land; the remain- 
der being well adapted for settlement. Thence the 
route passes through the foot-hills near Santaro- 
betsu, as shown on the map, makes a very easy 
descent of the high bluff beyond ; follows the line 
of the old road for about one mile just before coming 
to Jenibako ; passes Jenibako upon the slo^^iug table- 
land lying between the village and the mountains ; 
and reaches the sea coast a little way beyond Jeniba- 
ko toward Otaru. An additional reduction of 1,930 
feet, or ^j^ mile, is eftected, from Santarobetsu to this 
point. 

Thence the route follows, in the niaiu, the line of 
the coast to the new wharf now building at Otaru. 
Along the most precipitous and exposed parts of the 
rocky bluffs, the road is to be located at a nearly 
uniform liight of sixteen to eighteen feet above tide 
water, and therefore to l)e, in general, somewhat 
higher, and farther from tlie water's edge than the 
present pack-horse road at the foot of the bluffs. 

The whole length of tiie pro2)osed highway from 
iSorachi street to Otaru wharf is 21 j'';;^^, miles. The 
distance from the Capitol to the wharf by the same 
route is 21 ^^ miles ; and the distance between the 
same points by the old road is 23^^^^ miles. The 
whole reduction, therefore, is 1^ miles, or 9,868 
feet. 

The steepest grade required upon any portion of 
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this route is three feet rise in one limidred feet. The 
general width of road-bed for wliich the estimates are 
computed, is thirty feet. When the hne passed 
through swamp land, liowever, the widtli may be re- 
duced to twentv-four feet, wlien suitable materials 
for construction are obtainable only at great expense. 
Along the most difficult portions of the sea-coast, 
also, the roadwav mnv well bo reduced to not less 
tlian twenty feet, in addition to the width required 
for a good ditch or gutter for drainage along the land 
side. The full width of thirty feet is to be maintain- 
ed, liowever, at all places where the cost will not be 
made excessively laro;e thereby. 

It is proposed to construct that part of the road 
which passes over soft swamp land, upon a foundation 
of fascines, or bundles of branches and small saplings, 
laid in two or more courses at right angles to each 
other, thus providing a cheap, substantial, and 
durable foundation. 

The " dry rubble walls ' ' provided for in tl le estimates, 
to protect the roadway from the waves, are to consist 
of large blocks of uncut stone, laid in irregular courses 
without cement, and with a good general bearing 
upon each other from the face to tlie back of the wall. 
The thickness of the wall at the base should be about 
one half its hight, and the foundation courses should 
be protected by rip-rap, or random stone. A wall of 
this description is not only cheaper, but also much 
stronger and more durable than walls of cut stone 
laid with a bearing of only ab<uit one inch from the 
face according to a common Japanese custom, adopted 
in some of the great walls at TOkio. 

As a general rule, however, where the line and 
character of the coast permits^ it is better to make the 



—102— 

road-bed chiefly in excavation, instead of building out 
upon an earth or broken stone embankment ; l)ecause 
greater natural stability of tlie road-bed will be there- 
by secured, and the wall that might be necessary to 
sustain the natural bank above the road, would be 
less expensive and less apt to be destroyed, than a 
wall required both for the purpose of supporting the 
road on an artificial embankment, and for its protec- 
tion against the encroachment of tlie sea. 

It will be seen by tlie accompanying estimates that 
the cost of the road along the coast from Jenibako 
to Otaru, is nearly twice as great per mile, as that 
between Jenibako and Sapporo ; owing to the quanti- 
ty of rock excavation and masonry required. Beyond 
this consideration of cost— if the improved methods 
and ai)pliances be used which so extensive a work 
would justify — there are no insuperable, or very 
serious, difficulties to be encountered. 

New tunnels should be built in place of those upon 
the old road. They should be about eighteen feet 
wide by fifteen feet high, and should be located above 
the reach of storm waves. 

The impossibility of securing a practicable route 
above the cliffs on this coast ; or over the mountains ; 
any line away from the shore between Otaru and 
Jenibako, was made too clearly a[)parent at the time 
of our reconnaissance for such a route — made No- 
vember last in company with Your Excellency — to 
require further comment here. And the impressions 
which I then received, of the relative impracticability 
of an inland route, were fully confirmed during a re- 
cent excursion to the survey station on the summit 
of Mt. Tiene (made January 30th, in company with 
Pres, Clark, Frof. Penhallow, and eleven students of 
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the college), from which an extensive view of the 
country in conj^ideration was obtained. 

Tlie question may now arise — wlietlier, as a mea- 
sure of economy, it will l)e wiser policy to rebuild 
and improve the old road, mainly in its present loca- 
tion, and to rely upon the current expenditure of 
such sums of money as may be necessary to repair 
damages by storm along the coast ; than to expend 
at the outset, the full sum required to render it secure 
from injury, except by use. 

If by the opening of other routes for the transpor- 
tation of heavy freights — either by a canal to the Ish- 
cari, or a railroad to Otaru, or by the construction 
of a railroad connecting with the harbor at Mororan 
— the business here to be provided for be simply that 
of local trade and travel ; it would become possible, 
and, under either of the two railroad schemes, prob- 
ably advisable to fulfil that purpose by the expendi- 
ture of a less sum upon this route. 

This arrangement woukl be effected by the im- 
provement of the old road from Sapporo to Jenibako, 
and the construction of a new highway along the 
coast, which, as compared with that provided for in 
the estimates, should be made equally substantial and 
secure, but of less width — to be sufficient, however, 
for the passage of freight wagons going in opposite 
directions. This alternative could probably be car- 
ried out for about one-half of the estimated cost of 
the larger work, and will be further considered when 
we come to a comparison of the several projects. 

Viewing now, however, the proposed highway to 
Otaru as the main thoroughfare between Sapporo 
with its dependencies and the chief shipping port on 
the west coast, and therefore — ^in case no fijrther 
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commnnioation with the east coast be established — 
between the capital of Hokkaido and the rest of the 
empire, I think Your Excellency will agree that the 
general character andc^uality thereof herein described, 
as to directness, grades, and durabib'ty, for the ac- 
comodation oi' a heavy wagon trafKc do not exceed 
the proper rcfiuirenients of such a route. Whether 
the same degree of excellence can be maintained, and 
the general interests of the government equally sub- 
served by a less ijermanent work supported by con- 
stant renewals and repairs, seems hardly to require 
further consideration. The following points are clear 
upon tlie subject, and need no explanation : — 

1. — The question of distance must be decided at 
once in favor of the new route. 

2. — The same degree of excellence cannot be main- 
tained, if the work remains liable to constant damage, 
along the sea coast, by storms. 

3. — A route that is not abmys reliable is npcer 
reliable. 

4. — It is an unwise economy that would permit 
the only line of comnmnication between an important 
capital and its chief seaport, to be subject to repeated 
interruptions. 

5. — One route that can be depended upon at all 
times, is better than many routes that can be relied 
ui)on at no time. 

6.— Any policy which applies nioney continually to 
temporary expedients for the accomplishment of a 
lasting necessity, is a policy involving the waste, and 
not the economical use of wealth. 

7. — A policy which puts every dollar where it may 
render a permanent service, is a policy for the applica- 
tion of wealth solely to productive uses. 
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Hence, I would most respectfully suggest, that 
whatever be the amount appropriated for this route, 
or for any other route of such exclusive importance ; 
let every dollar be so applied that it may render a 
lasting service. Let the most economical plan of 
sufficient andpeimauent utility be adopted for a guide, 
and whatever be the original, or subsequent annual 
outlay, let it be devoted to the thorough and substan- 
tial execution of that part of the work requiring the 
first attention, in accordance with well devised and 
complete methods. " Whatever is worth doing, is 
worth doing well." If the sum now to be expended 
upon this route be sufficient only to build a mile let 
the worst * mile be selected, and made the best and 
most permanent in the whole distance ; or, however 
much distributed, let it be devoted to improvements 
which shall be of a more enduring character than to 
be washed away by the next severe storm. 

This policy, if adhered to, can result on ly in posi- 
tive, progressive improvement ; and at the close of a 
generation will have involved less expenditure for 
construction and maintenance ; less difficulty, delay 
and expense in the transportation of public and 
private commodities ; leas annoyance and danger' to 
travellers. 

It will encourage permanent settlement, and tend 
to cultivate and establish a spirit of systematic and 
substantial improvement. 
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RAILROAD ROUTE BETWEEN SAPPORO AND 

OTARU. 

Believing the question of transportation to which 
Your Excellency had called my attention, to be one of 
the highest importance, in which every part should, 
from the outset, be considered with reference to the 
whole system of the future ; and knowing also that 
railroads have proved to be, not only the most valuable 
means of inter-communication between well establish- 
ed communities, as in Europe and the older American 
states, but that they are regarded also as the true 
pioneers of colonization — the chief instrumentality in 
opening up vast territories in western America, 
South America, India, and Australia — in sections of 
country totally devoid of civilized life, and less rich 
in mineral and agricultural resources than is Hokkai- 
do : — bearing these facts in mind, I felt it my duty 
to suggest to Your Excellency that a faithful exam- 
ination of the subject of railroad conmiunication 
would possibly afford valuable information upon the 
subject in hand. This proposition having received 
Your Excellency's approval and encouragement, I 
made the surveys of the routes herein discussed, a 
sufficient basis for preliminary plaiis and estimates 
for the construction and equipment of a railroad, either 
to the Ishcari or to Otaru. I have also endeavored 
to weigh justly the advantages and possibilities of 
these several routes, together witli those of certain 
proposed lines of communication with the better har- 
bors of the east coast, both in their separate and 
combined capacities for fulfilling the immediate and 
prospective wants of Hokkaido. 

As the result of the best light which I can bring 
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to bear, it is now my opinion that the construction 
of a railroad to connect with any of the inferior ship- 
ping accommodations of the west coast, would, at 
the present stage of alfairs, be advisable only as an 
alternative measure — to be adopted only upon a posi- 
tive demonstration that the opening of a route to the 
more excellent harbor at Murorau, is, economically 
speaking, impracticable. To this alternative I shall 
have occaj^ion to refer again. 

I have, however, selected that route which appears 
to offer the best inducements for railroad communici^- 
tion with the western sea, besides affording the great- 
est local advantages, and have prepared plans and 
estimates thereon, which are submitted herewith. 

For good and sufficiently apparent reasons, I have 
considered it unnecessary to discuss the subject of 
railroad communication with the Ishcari river, at 
any length ; since most of the objections which con- 
demn the policy of a canal — stated in the loUowing 
pages — apply with almost equal force to railroad 
connectitms therewitii. 

The proposed railway route between Sapporo and 
Otaru follows approximately the line of the proposed 
highway, with the exceptions shown upon the accom- 
panying map by red dotted lines, indicating changes 
which should be made for a railroad location* 

It is to be presumed that in the event of the adop- 
tion of this plau, the highw^ay would, in the main, 
be made entirely adequate to meet all local demands 
Upon it, by such a system of permanent improvements 
as has already been described; in which case the 
railroad would be constructed along the declivitous 
portions of the sea coast bluff, at an elevation suf- 
ficiently above the improved highway to cause no 
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iniprfereiJOfc. Tnif imiijr'mjeii': frrnufi inTtJhr no 
*m»*iii»**: fur tilt i»r<nf.ti'»L V iih: nuiriifcd 1"* a sea 

Tiit rtoi-iTuI lauL Tiii.'L viij'jL zut eKiiiuiLTt&f and 
revjiiaueijittijv*!!'- f •ui'-erLHu: niliriiatk. LtrtvitL 
♦sulmiitTwecL art iiut^cL t;u.»iiiu. a> ii xuaiXitir t»f t^.niTM.*, 
rej're«?iiT aud ftiJ'.»nL :■. t"iJi*T rnr«;^ai. viiiti f^ckams 
Ik--: udajC'evI \< liir rt^.irj-.-^ i*iiu ri*ijiiireincul^ i»f 
tilt Trii'i'it erf HockiiiJ •- l^iil i'»r lijf ]»ressi*uT and 
future : *-:iioe tLt jneKri-iii .d' pmre, TLltimaxe gradess, 
▼ti^uT vi' T'.'IIiuir-Ki'Ki. r:-c., i-.* l»e adojaed and 
prc'vided f »r. thh-jt 'tKr f»tirlTr au J v^i*«}T det^rmmed, 
acoordin^ i^* iL« re'mirt!iuei.ii> *A libe irhctk iixtnre 
«y§tcii3u befc*re aiiv decisrre ?iq»i fi.»T ajir part tbereoi 
can be intcUigieiitly ci'ii<idt^Ttrd. 

H^e £rtrc. aijJ l<y ikr tlie iiiiist imjKtTLaat ekuient 
to lie delenuiiied Titli regard to any lailruad system, 
ic tliat of yaa^ or the di^taDoe between the laila 
vbkh oonstitate the characteristic feature of the svb- 
teiii. 

Without eDteriflo: at auy (x^nsiderable length U[k*u 
tlAf^ hitjton' of ganger, or &cieutific j*rinciples which, 
in recent times, have been developed — giving rise 
Uj radical changes in the thec*Ty and practice of rail- 
road construction and operation — I ^*ill state briefly 
the exjicricnce and the tcndenciefl which are obtaining 
in other a^uutries, especially nuder the rising echool 
of railroad exi»erts and engineers. 

When the first reallv successful locomotive was 
<>>ijstructed alx)ut sixtv vears aofo, it was made for a 
gauge of four feet, eight and one-half inches, which 
waii tlien the distance between the wheels of the coal 
wagons used upon tlie tramways among the English 
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coal mines. Thus, without any good reasons deduced 
from experience or theory, this was generally adopted 
as the standard railroad gauge of that time, and has 
so continued in Europe and America, until within a 
very recent date. The few exceptions thereto, which 
were constructed upon gauges of seven, six, and five 
and a-half feet respectively, have in nearly every case 
been reduced at great expense to the al>ove standard. 

AVithin the past ten years — since the beginning of 
the progressive era in the history of Japan — the ex- 
perience of half a century of railroad enterprise has 
proved to the general satisfaction of careful observers 
and practical experts that the original gauge is, by 
far, too wide for the traffic upon the great majority 
of the railroads in operation, even in the most flourish- 
ing countries. A vast extent of the so-called '< nar- 
row-gauge" roads have sprung up in consequence, 
for which systems the following advantages are 
claimed upon strong grounds : — 

1» — Less capital is required for the railway. 

2. — Less capital is required for the rolling-stock. 

3. — The proportion of non-paying to paying-load 
is reduced. 

4. — Steeper grades and sharper curves are admis- 
sible. 

5» — Greater economy of operation is secured. 

6; — The cost of maintenance and repairs is reduced. 

7. — The capacity is equal to any ordinary traffic. 

8. — Equal safety and convenience are insured. 

Among the many systems of narrow gauge rail- 
roads which have been constructed within the past 
decade, upon this evidence, are the following : — 
Canada, British America, width of gauge, 3 ft. 6 in. 
Norway^ Sweden & Russia, f, ^ » ^ n 
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Japan, main land, width of guage, 3 ft. 6 in. 

Australia „ 3 „ 6 ,, 

British India „ 3 „ 3 „ 

South America „ 3 „ 3 „ 

United states of America,! °*^J«„^£7^}3 „ „ 

In addition to these, narrow gauge railways are 
in successful operation in Belgium. France, Italy, 
Switzerland, Austria, Germany, and other European 
States. 

As illustrating " the rise, progress, and success of 
the new system " in America,— in whose wild terri- 
tories of the west, as also in India, Australia and 
South America, it is especially considered the fore- 
runner of settlement and civilization, — I respect- 
fully refer Your Excellency, and such officers of the 
Government as may be interested therein, to 
Mr. Sato's translation of some of the most important 
portions of a small pamjihlet upon " Narrow Gauge 
Railroads in America." 

Since the publication of this work however, — only 
two years ago — a still filrther reduction of gauge has 
been strongly recommended for branch roads, and foi 
CoiUplete systems whose recjuired capacity is some- 
what less than that of tlie standard gauge of fottr 
feet, eight and one-half inches. The *^ narrower 
gauge" system, so-called, has received the commenda- 
tion of railroad men of undoubted authority in Euroi)e 
and America. 

The following are some of tlie roads of this class, 
most of which are already in operation, and have 
proved successful beyond the most sanguine expecta- 
tions of their projectors :~ 
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Broelthal railway, Germany, for 1 (y2i,xxze 
passengers and freioflit, J '^ ° ' 
Sevel mining railroads, Europe, „ 

Festiniog railway, AVales, for ) 

passengers and freight, J '' 

Chatham Docks railway, Eng-^ 

land, for passengers and > „ 1 6 
freight j 

Woolwich Arsenal, and Ports-) j q 

mouth Dock, England, J " 

Peekskill railroad, New York,! ,^ r. 

United States, | j? ^ " 

Billerica and Bedford rail-^ 

road, Massachusetts, United f 90 

States, for passengers and C " 
fi'eight, 3 

and others of less importance. 

The most prominent line of this class in America 
is the one last named, with which I was connected as 
Engineer in Chief previous to my departure for Japan. 
Havhig had occasion, in that capacity, to testify 
before the State Legislature — by which body, a law 
authorizing the adoption of the narrower gauge of 
two feet was subsequently enacted, — the following 
abstract from the evidence then submitted represents 
the conclusions to which a comparative study of the 
several gauges then led : — 

" Not only theory, but practical experience as well, 
demonstrates that the narrower gauge of twenty-four 
inches is entirely practicable in all respects, and that 
for the distinctive service which it is intended to per- 
form (for branch lines, or for complete systems of 
moderate requirements), it possesses undeniable ad- 
vantages over either of the broader gauges : — 

1. — It admits of a degree of speed, safety and con- 
venience equal to that afforded by the broader gauges. 
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2. — ^The cost of constmctioii and eqnipment does 
not exceed one-fifth that of the standard (fonr feet, 
eight and one-half inches), or one-half that of the 
three feet gauge. 

:j. — Its capacity for traffic is much greater than 
that of the hroader gauges, in projwrtion to the 
capital coj«t. 

4. — Tlie proportion of non-paymg load is less, be- 
ing approximately two, three, and four times the 
paying load for passenger cars of the two feet, tliree 
feet, and tlie standard gauges, respectively. For 
freight traffic, wliere strength, instead of dimension 
is the limiting element in cars, the comparison is still 
more favourable to the narrow gauge. 

5. — In consequence of the preceding fact, sharper 
curves and steei>er grtules can be overcome with the 
same expenditure of power per ton of paying load. 

6. — Hence the cost of transporation,7>r(? rata^ is less. 

7. — Tlie Ijeariug weight upon each wheel is much 
reduced ; hence the injury to rolling-stock and rails 
is less, and the cost of maintenance and repairs dimi- 
nished. 

8. — It offers to all districts quick and cheap com- 
munication with the whole world of social and com- 
mercial intercourse, developing new and richer fields 
for the industry, the maintenence, and the wealth of 
individuals and nations." 

The estimates for this railroad (Billerica and Bed- 
ford), including equipment, station buildings, etc., 
were less than |6,000 per mile ; and with the ex- 
ception of grading and masonry — which were derived 
from other similar works then in hand — were based 
upon proposals made by manufactiires and builders, 
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gome of the most important of wtiich I hdve ftt the 
present time. 

Tliese prices, I fim informed by the latest advice« 
from my successor, exceed, generally, the actual coat 
of the work, as far na then coiMpleteil, so that I am 
able to offer the iic('iiin|>anyiiig estimates in the fullest 
confidence. 

The general cost per mile of the three principal 
ganges alluded to, incUiding equipment, tnnioutR, 
station buildings, etc., for a single track constructed 
according to the American practice, with labor at 
IL-W per (lay, and iron at ?."»i).00 per ton, range* 
approximately as follows : — 

Standard Gange, 4fc.8iin. |aO,000 to 140,000. 

Narrow Gange Standard, 3ft. Oiii. $ 1 0,000 $20,000. 
Narrower Gauge, 2ft. Oin. $ r),000 $10,000. 

Tlie approximate capacities of these several ganges 
for transportation of heavy freights, such as coal, 
grain, lumber, etc., upon a k'vel, and upon grades of 
00 and 100 feet per mile, using locomotives of nn 
average weight, are shown in the'followiug table : — 
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By using heavier locomotives, greater loads can Im 
readily transported upon either gauge. The daily or 
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nnnnal oapncity of a single track ifl determined hy 
mnltiplying the number of trains pnssing each way 
for the £:iven time, by the "paying load" npon tlie 
maximum rising grades which are to be ascended in 
the given route. Tlie numl)er of trains that can be 
conveniently managed upon a single line, twenty 
miles in length, and upwards, with a liberal number 
and length of turnouts, and an effective signal system 
does not vary materially with the different gauges ; 
and ranges from twelve to twenty daily each way, or 
possibly more — depending very much upon the cha- 
racter of the traffic. 

Now what is the gauge best adapted to the wants of 
this island, being at the same time the least burden- 
some in its introduction, maintenance and operation? 

The railroads of Yesso can never have direct con- 
nection with those of the main land. Therefore no 
regard should be had for uniformity therewith for 
the sake of continuity. 

No great trunk routes with an extensive system of 
feeders, can ever be required upon the limited terri- 
tory of this island. 

In fact, it is impossible to estimate, with any 
degree of accuracy, the ultimate amount of service 
which this or any other system of railroads will be 
called upon to perform. Neither would it be of 
essential importance to do so, since by the addition 
of a second track, or of any required number of 
parallel tracks, any desired capacity could be provid- 
ed, as the increase of business should require. And 
in this fact lies a very important feature of the 
narrow gauge system, namely : its prime cost is 
within the means of the most limited resources ; and 
whatever be the future amount of service required, 
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the requisite number of tracks may be added as the 
busiuess increases, and tlie work still be performed 
at the same deorree of economy. 

The traffic of the future, in this case, proiuises to 
be of an abundant, yet compact nature, — consist iu«;- 
of the transportation of coal, lumber, ngricultural 
produce, silk, skins, leather, and manufactured arti- 
cles from the iuterior to the shipping ports ; and the 
return of iron and iron ore, rice, tea, general mer- 
chandise and supplies. 

Now therefore, in consideration of the general facts 
and principles stated above, I have selected a gauge 
of two feet and eight inches as the basis for my preli- 
minary estimates, and recommend its adoption for the 
future railroad system of Hokkaido. It is sufficiently 
narrower than the United States narrow standard to 
effect a material saving in cost, without lacking in 
capacity or efficiency ; sufficiently flexible to adapt 
itself to the sharp curves and steep grades required 
in country of rocky and mountainous character, and 
at the same time, enough wider than the narrower 
gauges of eighteen and twenty-four inches to com- 
mand the confidence which conservative minds are 
apt to lack in the extreme measures and appliances 
which come through constant and progressive develop- 
ment. 

I have yet to learn, however, of any road of the 
narrowest gauges, that has proved insufficient for 
the increasea traffic which invariably follows the es- 
tabhshment of railroad communication; and would 
not hesitate to approve the adoption of a narrower 
gauge, should the Government be equally convinced 
of the economy and general expediency thereof. 
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The rails proposed for tlie i-ailroad to Otaru are 
sucli as are in use in America for the three feet 
gauge, weighing thirty pouudo per yard, to he laid 
upon cross-ties placed twenty-two inches from centre 
to centre. 

The steepest griiitt; will not exceed loU feet per niilo, 
and coil be reduced to 125 feet at a smull additiwiuil 
cost. The maximum grades upon severid of the three 
feet gauge roads of the United States are from 20(1 to 
300 feet per mile ; which, however, are too great for 
a heavy traffic, 

Tlie weight of locomotive to which the rails are 
intentionally adapted, is about sixteen gross tons 
upon the driving wheels. The power of such a loco- 
motive is shown approximately in the following 
table. 
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Equipment, station buildings, and a compk-lc 
plant for tlie operaticn and maintenanoe of the route 
under an extensive traffic are duly provided for. 
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ESTIMATES AND CONCLUSIONS. 

The estimates for the tliree routes lieivin disciissud 
are stated in detail in the accoiiipaiiying appendix, 
the total being respectively as follows : — 

1. — Lock Canal fro7n Sapporo to 
Barato Rker, 

(»jVt miles, at $11,086.47 i>er mile $ 73,2bl.t)0 

2. — New Highway from Sapjjoro to 
Otaru, 

Sapporo to Coaat Line 1 1 iWV miles, at 

16,104.36, $ 68,265.07 

Along Coast to Otaru, lOj'i^^ mH^j at 

$11,653.50 $118,084.89 

Total $186,349.96 

3. — Narrow Gauge Railroad froyyt 
Sapporo toOtaru^ 

including e(j[uipment, 21 ^-^ miles, at 

$12,408.07, §265,172.82 

To these may be added the alter- 
native before mentioned i — 

44 — Straightening and Rebuilding 
Old Road from Sapporo to 
Jenibako, and Constrticting 
a narrower Highway along 
t/ie Sea Coast, 

estimated at $100,000.00 

Now with regard to the policy to be adopted, in 
reference to these several projects, for securing to 
Sapporo and its allied interests, an effective system 
of internal communication, I shall be brief. 

And first, the project for a canal of any kind to the 
Ishcari^ I cannot recommend upon any consideration^ 
for the following reasons :— 
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L — Both the Canal and the Ishcari rirer would be 
cloned hy ice daring nearly five months of every 
year. 

2. — The anntial floods which cover the conntr^" near 
the Ishcari, would cause fre^iueut dciuiage, and en- 
danger tlie safety of the ainal emhaukinents. 

3. — Tlie large quantity of Iunil)er used in its con- 
struction would be subject to constant decay, thus re- 
quiring great exi)ense for renewals and repairs at a 
season when the business of transportation would be 
interrupted thereby. 

4. — It passes through a section of country entirely 
incapable of improvement for settlement and cultiva- 
tion. 

5. — It has no immediate connection with a deep 
sea harbor. 

C. — It would require several transfers of cargo, 
namely : — From sea vessels to river boats ; from 
river boats to canal boats ; from canal boats to ware- 
houses . 

7. — It is adapted only to a slow freight traffic, and 
therefore provides no additional facilities for the 
transportation of passengers, mail, etc. 

8. — It offers no conveniences of local travel and 
intercourse for the people, and extends no direct aid 
to settlers. 

9. — It aims to revive a system of transportation 
that has become almost entirely obsolete in other 
countries, where formerly in use. Among western 
nations, canals have been generally abandoned, and 
railroads frequently constructed along the same gene- 
ral line. It would probably be impossible, at the 
proriont day, to raise a single dollar in America, for a 
caual for inland communication. It may also be 
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obpierved that tins snl)fltitntIon of railroads for canals 
wa« made long before the introduetion of tlie more 
economical narrow gauge systems. 

In view of these facts, I am confident that its con- 
struction would i)rove to be an unwise and costly 
measure, — that it would never fulfil the requirements 
of the Government or the wants of the people with 
efficiency, and that other and better means of trans- 
portation would be hereafter necessary for the service 
which this would fail to perform with satisfaction. 
Hence I most respectfully recommend that the project 
be abandoned in favour of some one of the superior 
expedients to be considered. 

Next, concerning a new highway from Sapporo to 
Otaru. Good roads are of more importance than 
canals, and must not be disregarded in any system 
of inter-communication, since it is by them 
that the general convenience and prosperity of 
the people are directly secured and promoted. 
Whatever may be done in other directions, the 
establishment of a permanent and reliable route be- 
tween Sapporo and Otaru ; and, at least, the rebuild- 
ing of the coast road to a passable width, as proposed 
by the ^' alternative " plan, is an almost absolute 
necessity for local convenience, and for easy com- 
munication between the capital city and the chief 
port of the west coast. 

Now, if, to the cost of this necessary undertaking, 
we add the cost of the proposed canal, and its e(piip- 
ment which the esthnate does not cover, the sum will 
l)e sufficient to construct the new highway through- 
out, in accordance with the complete plan therefor. 
Tliis measure, as compared with the canal project, 
will, upon the whole, furnish a route of much 
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superior efficiency, at the same cost, taking all sea- 
sons and uses into consideration ; of greater con- 
venience to the public ; involving a smaller outlay 
for expenses ; presenting inducements for the more 
general use of wheeled vehicles by the people; giving 
access to a section of excellent land for habitation 
and improvement; Bubject to no serious or long 
continued interruptions ; and involving no capital 
expenditure that will be rendered useless by the 
establishment of railroad communication with either 
coast. 

This plan is, therefore, superior to that for a canal. 
By the use of substantial wagon teams and sleds, 
each in its season, under an efficient management, 
this line of direct communication with the wharf and 
warehouses at Otaru, over a hard road-bed and easy 
grades, will enable a large amount of government 
and private freight to be transported, and afford the 
necessary convenience and safety to travellers, and to 
the people living along the route. 

Hence, the building of a substantial highway 
according to one of the plans proposed, may be con- 
sidered a necessity ; and as such, I respectfully 
commend it to your favour. 

It is clearly apparent, however, that the best system 
of highways alone is entirely inadequate to introduce 
and to stimulate profitable industries, or to develop 
the natural wealth of Yesso. And I hardly need add 
that the experience of the whole civilized world proves 
beyond controversy that by railroads only can the 
people of the island make any material progress in 
the creation of wealth and the production of revenue ; 
and that without them, no ordinance or power of gov- 
ernment can induce the general immigration of 
permanent and enterprising colonists. 
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Lord Bacon, an illnstrioiis English philosopher, 
most truly said, " There are three things which make 
a nation great and prosperous, — a fertile soil, busy 
workshops, and easy conrciffn^ce for men and commo- 
dities from one place to another." Certainly the soil 
of Hokkaido is snffirientlv fertile. Her coal measures, 
and the iron ores of Nippon, await only "easy con- 
veyance :" and the establishment of "busv work- 
shops" cannot fail to follow. Coal, luml)er, agricul- 
tural produce, and the whole range of manufactured 
products nmst have ** easy conveyance ** before they 
can l>e endowed with value : and until thev have a 
tangible value, no ])o\vcr on oartli can create pros- 
perity out of them. 

Another has said that '• the opening up of the in- 
ternal communications of a countrv is midoubtedlv 
the first and most important element of its growth in 
commerce and civilization.'- Japan is not so far 
behind the world in ac([uired wealth or material 
])rogress, nor so favoured by natural endowments, 
that she can afford to forego, in her competition 
among the nations, the fruitful benefits of a wise 
policy of permanent improvements, — the key to 
enduring prosj)erity. 

Only about a century ago Great Britain had a 
smaller population, less available wealth, inferior 
educational facilities for the masses, and fewer 
examples, IMerchandise was carried by i)ack-horses 
over bad roads, and domestic commerce was well 
nigh impossible. Her coal and iron mines were but 
little worked ; her industries were established greatly 
bv fi^reio'uers ; she sent abroad for skilled workmen : 
iron was imported. But the steam engine and loco- 
motive originated within her realm : her coal and 
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iron mines were worked thereby ; the products thereof 
and of the countless manufactures which immediate- 
ly sprang up, were transported with speed and econo- 
my to profitable markets ; and now she is surpassed 
by no country, of hke extent and population, in wealth 
and prosperity. Her railroads, connected with her 
marine transportation, have created, in a large meas- 
ure, her wealth, and tliey maintain lier prosperity. 
Sixty years ago she adopted this policy : '' Let the 
country but make the raih'oads, and tlie railroads will 
make the country." 

During the last half century, a million of square 
miles have been colonised through their agency in 
tlie United States, and tlie people living tlierein con- 
tribute annually nearly one-half the products of the 
nation. Every railway station is a practical school 
of industry, attention, and punctuality, quickening 
the whole people to activity and enterprise. 

The estimate which is submitted for a railroad 
between Sapporo and Otaru is intended to be liberal, 
and tlie capacity i.s ample for the requirements of any 
line in Hokkaido, or in even a more extensive country. 

With my present conception, however, of the eastern 
roast, I cannot advise its construction as a part of 
the proper route for railroad communication between 
the interior and tide water. All the natural condi- 
tions of Yesso and its harbors seem to point to Mo- 
roran as the proper seaport for the establishment of 
commercial relations with other lands. 

1. — It is evidently a safer and more commodious 
port than is the harbor at Otaru. 

2. — It is from one to two days nearer to Tokio and 
all the important shipping ports of the world. 

3. — Its approaches avoid the unfavorable current 
passing eastward through the straits of Tsugarii, 
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4. — It is upon the lee shore or aheltered coast of 
the island. 

5. — The eastern coast is more free from deep snow ; 
and land communication therewith would be lescj 
liable to interruption. 

6. — I am informed that the fisheries aud other 
natural resources of the eastern coast are more ex- 
teusive, and the exports liable to exceed those of the 
west coast. 

7. — The coal mines at Horomui present an imme- 
diate field for profitable work, and the shipment of 
their product should be by the most direct and con- 
venient route. 

Now the general direction of the trade of any 
country, and its success, is determined very largely 
by the natural advantages which present for the esta- 
blishment of transportation routes, of which the 
termini are of first importance. If these natural lines 
and ocean ports are disregarded, no amount of human 
effort can cover the mistake. It is in this light that 
the most prosperous and successful seaport cities of 
the world may be considered as works of nature which 
no course of legislation could effect or entirely 
subvert. 

Hence, in establishing the main line for communi- 
cation with other lands, that harbor which lies in 
the natural channel of trade, vii\ the high seas; which 
affords the best shelter and anchorage for vessels, 
with a safe shore suitable for the construction of 
wharves and warehouses, should be adopted for the 
union of land and marine routes. 

Such, if I am rightly informed, seems to be the 
chai*acter of the harbor at Mororan. The true solu- 
tion, therefore, of the problem of communication 
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between Sapporo and tide-water seems to }je, 
— ^by constructing a railroad to Mororan which shall 
constitute part of a through line from Horomui ; 
which plan has been under the consideration of the 
Government heretofore. Tliis provision for the tran- 
sportation of through freight to and from the capital 
and its vicinity, woukl only necessitate the rebuiUliiit;* 
of the Otaru highway afler the cheaper but substantial 
manner prepared in the alternative i)lan. 

Upon the important point of the cost of transporta- 
tion, it may be stated in general terms, that, at the 
present prices of labor and materials in America — 
men at $1.50 to $2.00 per day, horses the same, and 
coal at $8.00 to $10.00 per ton, — the transportation 
of general freight by wagons upon a first class 
country highway costs from fifteen to twenty-five 
cents per ton per mile ; and by railroad from one 
to three cents per ton per mile. The cost of 
carrying coal, lumber, grain in bulk, etc., by rail- 
road is much less, as is shown by an extract from 
the report of the Reading liailroad Co., of Penn- 
sylvania, U. S., for 1874, wherein is found a 
" Statement of the cost of hauling coal per round 
trip of 190 miles from tlie coal regions to tide-water, 
and back with empty cars, transporting average 
loads of 640.2 tons, and average through loads of 
522.6 tons of 2240 pounds each." '^ Tlie average cost 
of the trip is $159.:J4. Dividing this by the 190 
miles, and again by the average load 646.2 tons, the 
the cost on the round trip is i^,/v of a cent per ton per 
mile ; or, taking the trip at 95 miles, but with the 
same total cost, including taking the empty cars 
back, it is, upon the average through load of 522,6 
tons, fW of a cent per ton per mile." Doubling this 
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for other expenses, loading vessels, waste and con- 
tingencies, - one cent per ton per mile, or say $1 
per ton from coal region to tide-water would pay the 
company a profit of nearly forty cents on each ton 
for transportation alone. If the profits were received 
upon the sale of coal, the cost of transportation would 
be reckoned at sixty cents per ton for the whole dis- 
tance of 95 miles. 

The Pennsylvania llailroad's charges upon the whole 
ufits freight business was l^S\ cents per ton per mile : 
while the charge for coal upon the same road and its 
branches — including profit — was tVo of a cent per ton 
l)er mile. 

I have now presented the results of my examina- 
tion of the projected transportation routes between 
Sapporo and tide-water on the west ; and, in confor* 
niity with your request, and with my duty as an en- 
gineer, have reported without reservation, according 
to my best judgment, the distinctive merits and 
demerits of the several systems proposed, and the 
j)olicy which should shape the action of the Govern- 
ment in dealing therewith. 

In closing, I desire to express to Your Excellency 
my most hearty thanks for the cordial assistance 
rendered by all with whom I have been associated 
during the execution of my task, hoping that the 
results will be of some service to the Grovernment in 
its future consideration of the whole subject of internal 
communication for Hokkaido. 

I am Sir, Very Respectfully, 
Your Obedient Servant, 

WM. WHEELER, 
Professor of Civil Engineering^ 
Sapporo Agricultural College, 
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TEXTILE FIBRES. 



The following questions are suggested as n basis 
for inquiry : — 

1st. — What is the structure of the most important 
textile fibres in use, and the peculiarities by whicli 
they may be distinguished ? 

2nd. — What is the action of chemical reagents 
peculiar to each, and their quality as affected l>y 
various processes of manufacture ? 

3rd. — What effect do difference in food, sanitary 
conditions, etc., have upon the amount and quality of 
silk produced by different kinds of worms, and what 
is the nature of the diseases effecting the worms 
raised at Sapporo? 

4th, — What are the practical relations of these con- 
siderations to the application of fibres to economical 
purposes ? 

A consideration of a few questions suggested under 
the above; the origin of the fibres most commonly in 
use ; and the characteristics which distinguish them, 
will form the subject of the present paper. 

The uses to which fibres are applied are numerous, 
important and well recognized, and in their a))plicn- 
tion to the wants of man, indispensable. They are 
characterized as being the result of organized life, 
either animal or vegetable. 
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The first are distinguished eitlier as secretions, un- 
der which are classed the threads of silk-worms and 
spiders, or the direct result of organized growth 
which includes the various kinds of vegetable fibres 
and wool or hair. 

The last class offers by far the more numerous 
variations in the hairs of different species and varieties 
of animals, of which the sheep furnishes thef greatest 
supply, though the goat, camel, bison and others 
furnish more or less valuable material. 

The fibres of vegetable growth are numerous both 
in their origin and application, but comparatively few 
are used for fabrics which find a general market, the 
majority being limited to certain localities, or em- 
ployed in the manufacture of paper, ropes, etc. 

In their origin, they are distributed through a 
wide range of plants, and include the bast fibres and 
seed hairs of exogens, and the bast from the vascular 
tissue of endogens. Those which claim particular 
attention as being of general importance for textile 
fabrics, are Cotton and Flax, to which should be 
added the animal fibres Wool and Silk. In connec- 
tion with these, Hemp will be considered as of local 
importance, and also the bark fibre or Ohiy6 of the 
Ainos. 

The value of the first four for economical purposes 
and in the commerce of the world needs but an 
allusion. 

In addition to the home production, Great Britain 
annually imports from eighty to ninety thousand tons 
of flax. In 1868 there were exported from the 
United States, upwards of seven hundred and eighty 
million pounds of cotton, while tlie Value of raw and 
manufactured cotton exported during the same year 
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amounted to over one hundred and fifty million 
dollars. The total valuation of the silk annually 
produced throughout the world, is placed at about 
two hundred and fifteen million dollars, that pro- 
duced in Japan being estimated at seventeen millions. 

In addition to their direct value for the fibres they 
produce, the flax, cotton and hemp plants furnish in 
their seeds, material which is valuable in other 
branches of industry, while the waste cocoons and 
]mpas of the silk-worms seem to be prized in some 
portions of China, as articles of food ; and the utili- 
zation of waste fibres for paper and coarse manufac- 
tures is also an important consideration in industrial 
pconomv. 

The following arrangement, which is stated for 
further consideration, will j)resent some of the more 
important features of the fibres under discussion. 
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Where two lengths are give they represent the 
appmxiuiiite extremes, otherwise the average. 

The above table will serve as a basis for tlie con- 
sideration of silk and flax in regard to some of their 
more important featnres, and the remaining fonr witli 
reference to their origin and distino^nisliino: character- 
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Tlie fibre represented in Fig. 4, Plate 1, is the bast 
<»btained from the bark of a tree which is very abnn- 
dant in the island of Vcsso, and, so far as it has been 
possible to decide from its general appearance, seems 
to be an Ulinus or one of a nearly allied genus. Like 
most bast cells, the fibres have thick walls and a small 
central cavity ; are quite uniform in size throughout 
their length, until near the extremities when they taper 
rajjidly to a point. They are devoid of markings, 
with the exception otoctmsional thin2)laces in the walls, 
and are about the two thousandth of an inch in diame- 
ter. They jiossess considerable strength, but in the 
condition in which they are found, are of a coarse, stifl* 
jiaturc, ami impregnated with the coloring matter of 
the bark. Their separation is a matter of some diffi- 
culty, even with the aid of caustic alkali, and the 
processes to which they are subjected before weaving 
are not calculated to aid in their separation. The 
macerating is accomplished in salt water for the better 
(juality of cloth, when the bundles of fibre are drawn 
from the the bark by the fingers, split to the required 
size and are ready for weaving. The coarser cloth, 
used for rainy weather and not very strong, is made 
of fibres which have not been macerated, but drawn 
from the bark after the latter has been thoroughly 
broken by the teeth. The threads of the warp are not 
twisted, but those of the woof are, though imperfectly. 
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Cloth uiadc of this material is worn by the Aiuus 
us their chief article of clothing, and by them called 
Ohiyo. It also iinds favor among the Jai)anese of 
Yesso. Of Inte, cotton warp has been used by the 
Aiuos though generally preferred as ornamental 
threads rather than as a general warp ; \n hile the 
cluth worn by the Japanese is made almost entirely 
with cotton, warp and bark woof. The color of such 
varies from a red brown to brown according to il.s 
preparation, that which has been macerated in suit 
water being the lightest in color. 

lie nil). 

In its usual application, hemp (Fig. 3, l*late I ) is 
recognized as the fibre of Cannabis satlca^ but the name 
is applied locally in various parts of the world to 
tibres from very difterent sources, nuUcing it rather 
generic in its application. Thus by it are recognized 
the ilbres obtained from representatives of the Mtd- 
caaae, Leyuminosce, Apoc*/naceie, Urtkacae. lAI'ta- 
cece and Musacece, plants not only of dilferent or- 
ders, but of different types of structural growth. The 
term should be considered, however, as particularly 
applied to Cannabis satlva. In form, the cells are 
very long, thick walled and taper gradually to a 
point at each end. The walls are frequently 
marked by thin jjlaces which are long and 
narrow, running transversely to the axis of the cell, 
and are sometimes accompanied by a thickening or 
contortion of the wall which gives the cell a peculiar 
marked appearance when examined under low pow- 
ers. It occasionally happens that the markings are 
strong enough to bear some resemblance to flax, but 
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is seldom, the lutijority of thin piacu^ appearing 

ILK simple transverse lines. Constrictiuus iti tlie 
wall (Fig. ^, Plate 111) are sometimes noticeable, but 
iLjipear to be of mucli move fretjnent occurrence in 
specimens taken from growing plants auti subjected 
to maceration, than in those taken from twisted 
hump. Subjected to the action of boiling nitric acid, 
the tibrcis swell readily and break into fragments with- 
out lliu development of spirals, in the latter itf^pect 
iliti'eriug from flax. 




Flax has its origin in the bai'k of Lhiuin iisUatis- 
sitnum, and like hemp, consists of long, thick walled 
biist cells, the ends of which taper very gradually tu 
a point. Its distinguishing characteristics are, tlie 
development of a close, double striation on treating 
with boiling nitric acid, and the peculiar knotty np- 
liearauce of mauy of the cells, the nature of which 
ivill be considered more careftilly. 

Fig. U, Plate I, represents a portion of a Ha.^ cell 
bliuiving its peculiar knotty appearance and cylin- 
drical form. Most of the wpecimeus from which the 
drawings were taken, luid suffered maceration, and 
nearly all the cells so treated showed a well defined 
double striation (Fig. 1, Plate 11) similar to that 
developed by the action of boiling nitric acid. The 
customary method of represeuting flax fibres as 
if consisting of several cells, and a failure to find a 
satisfactory explanation for so doing, led me to en- 
(|uire more carefully as to tlieir true nature. It will 
be seen by reference to Fig. 1, (Plate 11) that the 
atriatioQ of the cell wall is in two directions ; the 
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series crossing each other and the axis of the cell 
very obliquely. The stratification, not shown, is con- 
centric with the cell wall and consists of circular 
himin«3 which cross both systems of strite in an axial 
direction, so that the cell wall cut in three directions, 
may be considered to consist of a number of parallelo- 
pipedal sections arranged in a radial manner from 
centre to circumference, and in a spiral manner around 
the cell. Seen in transverse section, strite show as 
radial lines crossing the lines of stratification, and 
thus the appearance is presented as shown in Fig. !:j, 
Plate II ; a portion of a cell broken by treatment 
with nitric acid, in which the vertically oblique lines 
are those of striation, and the transverse, those of 
stratification, representing the laminfe broken at dif- 
ferent lengths. The breakage of the cells was, in many 
cases, directly traceable to thin places in the cell 
wall, while many could not with certainty be traced 
to the same ; one side would ofVen break much higher 
than the other ; sometimes the cell would break 
square across and again obliquely. The occurrence 
of transverse breakage, as shown in Fig. 2, would 
point either to the presence of numerous thin i>laces, 
or of transverse striation, annular stride which pene- 
trate the Ulterior wall from centre to circumference of 
tlie cell. That the latter are present seems evident 
from the transverse markings on the Upper projection 
of the figure, which are due to the apparent separa- 
tion of portions of the wall, which, however, could 
not be freed from each other, but maintained a con- 
stant distance, showing that they were connected 
more or less completely. 

According to Sachs, both annular and spiral striae 
may be present in different parts of the same cell ; 
and while it is quite certain that the latter are pre- 
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sent, it also seems probable that the former appear 
at certain points. In all cases where the striation 
was most perfect, there were no well defined trans- 
verse markings, which, however, might have been 
the result of the different degrees in which the striae 
were developed by maceration ; often well defined 
transverse markings wouhl be approached by a few 
stride only, seeming to point to an absence of one 
where the other predominated. 

Fig. 4, Plate II sliows a cell, upon the outer sur- 
face of which appears a well defined annular mark- 
ing. Two similar cases have been noticed tliough not 
so well marked and tlieir occurrence on flax fibre can 
hardly be considered frequent. Formations on the 
interior of cell walls, resulting from a strictly loca- 
lized deposit of material, are of frequent occurrence 
and recognized as rings, spikes, spirals, etc., with 
various modifications, according to the tendency of 
the deposit to be strongest at certain points over 
the general surface. Similar in character, but dif- 
fering in position, are tlie external sculpturings of 
pollen grains, which appear as a variety of modified 
bands, ridges and spines, such as are found in Cur- 
curbita and Chicorium, All cells, the walls of which 
are thickened, are to be considered primarily (as 
consisting) of a simple, thin cell wall, which by 
further development of the interior, increases in 
thickness and reduces the cell cavity, until the whole 
presents a more or less solid structure. The thick- 
ening is analogous to the formation of internal warts 
or rings, diff'ering only in degree ; the former repre- 
senting a general secondary deposit throughout the 
extent of the cell wall, while the latter shows the 
formation to be localized. In the former, also, the 
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formation is resolved into alt^rnat^ely more and lesft 
dense or watery layers; which cause the wliole thick- 
ening to appear as composed of laminfe. If the 
development of the cell wall is caused by the interpo. 
sition of molecules of formative material between 
those of the already formed tissue, the external 
sculpturings are, in mode of origin, the same. In the 
case of the rings noticed, there were no thin places 
seen in connection with them, but they appeared as 
shown in the figure, as distinct elevations on the cell 
wall. Thin places in flax fibre, extending from the 
cavity ot the cell to the outer margin or wall, are of 
frequent occurrence, and nearly always attended by a 
more or less structural appearance, as a broad or nar- 
row band, or a broadening of the channel of its outer 
extremity. In Fig. 5, Plate II, the markings on the 
wall may be considered typical of those generally 
found. It is seen that the appearance is that of a 
band, causing the outline of the cell wall to swell on 
one side while on the other-it is indented, and having 
a thin place in the centre. Tlie view was upon the 
exterior of a cell, which shows in the drawing as a 
cylinder. On the right of the band ^^^ll be noticed 
two lines running diagonally up and down from the 
thin place to the outer surface of the cell, ending at 
the upper and lower termination of the swell. With 
a deep focus the outline of the thin place was brought 
out most clearly, while with a high focus the broad 
band was most distinct, shoAAdng the latter to be 
clearly above the former. The extension of the 
thin place to near the margin at the left, shows 
the wall to be thin at that place, while the 
indentation at the same place, would also seem to 
point t-o a thin wall, 
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Fig. 1 , Plate ITT, shows a portion of a cell in longi- 
tndinal section. Tn the lowermavkin«f, the opening on 
the left extends through the inner cell wall, and is not 
accompanied by an}' marking. On the right, the open- 
ing is seen to extend through the inner cell wall for 
about one-third the distance, when it enlarges rapidly 
nntil it reaches the outer wall. Such terminations 
are frequent, and that they are actual enlargements of 
the channels which they terminate, seems evident, not 
only from the amount of liglit allowed to pass, but 
also from the very significant fact that in no case 
have the lines of striation been seen to cross such 
places, but always terminate at the margins. The 
oblitjne lines therefore, seen in the marking in Fig. .5 
( IMate III), represent the margin of an enlarged chan- 
nel seen transversely, while the upper and lower 
})orders of the apparent band, are the edges of the 
channel at their junction with the outer cell wall. 
The channel is long and ))road, of varying length, — 
thon«:h none have vet been noticed to extend com- 
]dctely ronnd the cell — but is gradually contracted as 
the interior wall develops, until the opening into the 
central cavity is marked only by a narrow, transverse 
slit. Analogons to these are the bordered pits in 
ConifercPy which, at first large, contract with the 
development of the wall, until the interior opening is 
much smaller than the original cavity. Similar en- 
larged openings are to be seen in the thick walled 
cells of Pteris aquiUna (Sachs), but the enlargement 
of the channel is towards the interior, while in the 
flax and cells of conifers it is the reverse. 

In Fig. 6, Plate II, the markings appear as a ring 
with two thin places. In this case a high focus 
brought out the ring most clearly, showing it to be 
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above the thin plaoe^ or outside the wall. It was 
noticeable, however, that the outer wall ot the cell ex- 
tended over the whole, showing the enlargement to 
belong to the inner, thickening layers of the cell 
wall. In the upper marking in Fig. 1 (Plate III), 
it is noticed that the channel on the left extends to 
the outer wall without enlargement, while above and 
l)elow the wall is thickened, due wholly perhaps to 
the separation of the two inner thickening layers in 
the latter case, but in the first can hardly be attri- 
buted wholly to that cause, the enlargement being 
more than the separation. The transverse lines 
crossing above and below the channel, are the out- 
lines of the enlarged channel on the under side of 
the cell. 

In hemp fibre, the thin places are frequent but as 
a rule devoid of markings. Exceptional cases occur 
in which the appearance is analogous to that of flax, 
so much so that they might with difficulty be distin- 
gnisliod if brought togetlier ; but in hemp the wliolo 
wall is sometimes thrown out as sliowu in Fig. I], 
Plate IV. While there may be thickening of tlie 
wall about the margins of thin places, such as 
shown in Fig. 5, Plate II, can hardly be at- 
tributed to such a cause. The upper and lower 
lines are much too distinct to be produced by the 
amount of curvature seen, which on the left practical- 
ly amounts to nothing, and its analogy to the enlarged 
opening seen in Fig. 1, Plate IV is much more pro- 
bable. While it seems that many, and perhaps 
all, of the most prominent markings are due to thin 
places alone, it seems well to recognize the possible 
presence of annular thickenings and striae. 
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Cottan. 

Cotton (Fig. 1, Plate!) is the unicellular fibre 
i>btaiued from the seeds of various species of Gosisji/' 
j/ium, and difters from most other vegetable fibres 
both in point of origin and structure. Analogous to 
it are the silk hairs obttwned from various Ascleptas, 
both originating in the fruit, as hairs upon the ex- 
ternal tissue of the seeds. 

The twisted character of the cells ; the aUsence of 
the inner tliickening layers of the cell wall which ge- 
nerally characterize bast fibres ; and the fiat riband 
like form of the cells when dry, which are devoid of 
structural markings ; are sufficiently marked features 
of cotton to distinguish it from all fibres which have 
their origin within the tissues of plants. 

Bast fibres present many features of a very similar 
nature in their structure, so that it often becomes a 
matter of difficulty to distinguish between them. 
This is particularly true with reference to their size, 
which is quite indefinite, varying from a length 
of two inches in all degrees less, while the diameter 
is equally indefinite. It is to the structural 
appearance of the fibres and their condition before 
and after treatment with reagents that particular 
attention should be directed. As already shown, the 
character of cotton is sufficiently pronounced to dis- 
tinguish it from the other fibres under consideration; 
and flax is also well enough defined to avoid mistake 
in the majority of cases, though if structural mark- 
ings alone be depended upon, it is liable to be 
identified with hemp as shown by their occasional 
similarity. 
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The following table will present the most import- 
ant distinctive features of the fibres under considera- 
tion. 



Wool..., 

SUk 

Cntton., 

Flax .... 
Hemp .. 
Obiyo .. 



StRUCTUK A L ArrKAKANCE. 



Margins serrated. Transverse auasto- 
inosing Hues 

Double, structureless 

Cell flat, uniform, twisted. Central 
cavity large 

Cell round ; elongated ; fusiform ; 
central cavity small 

Walls thickened by internal layers. 
Transverse markings ; thin places... 

Cell round ; fusiform ; central cavity 
small. \Valls thickened by internal 
layers. Transverse thin places. 

Cell round ; abruptly fusiform ; central 
cavity small. Walls thickened by 
internal layers. Occasional thin 
X^laces 



Treated with 
Nitric acid. 



Yellow c(»lor. 
Swelling. 
Double striation. 



Breakage. 



Breakage. 



Breakage. 



Wool. 



Wool owes its origin to sheep of such various 
grades, aud is subject to sucli varying conditions of 
climate and the care bestowed upon them, tluit a 
great variation in the size of the hairs is a marked 
feature of the different qualities. Some of the finer 
grades vaiying from the one thousandth to the sixteen 
hundredth of an inch in diameter, while coarser kinds 
are as large as the one live hundred and fiftieth of an 
inch ; tlie length varying with the sheep and time of 
cutting. Wool is easily distinguished from other 
fibres by its serrated margin caused by an overlapping 
of the scales of the outer layer, the edges of which 
arc seen to cross the hair, giving the appearance of 
transverse anastomosing lines, and the wavy appear- 
ance which it usually presents. 




Silk. 

At the commeucement oftlie spinniug senson, thu 
silk in Been to issue from the two spinnerets of tlie 
ivorni as continons tlireada, parallel with and close to 
earJi utiier. Tliere issues at the same time a semi- 
fluid ^immy substance which aiirrouiids the threads, 
and liy hardening on exposure to the air, miites them 
aji one (Fig. 5, Plate I), so that iu reeling, they 
always come oti' the cocoou together bnt shoiv a 
central line of nuioii. Tlie first portion of the silk, 
designed to attach tlie cocoon to some object of sni)- 
port, is de]iosited without any regularity, bnt as soon 
as the structure of the cocoon itself becomes the work 
of importance, the threads are found to cross eacli 
other closely, ami are firmly united by the hardening 
(if the gummy envelope. As the work progresses, 
the deposit becomes more compact and the threads 
more firmly united, while at the same time, .the gum- 
my secretion apparently increases until the inner- 
most sliell is very dense and firm, resembling, some- 
what, course fibrous paper. All cocoons seem to be 
capable of being separated into four distinct layers, 
each of which is more compact as it approaches tlie 
interior, except the last which is merely a liglit web 
of silk aiu-rounding the cavity, and somewhat sepa- 
rated from the rest of the cocoon, forming a cushion 
as it were, ou which the chrysalis rests. In ita 
eemiflnid state the gum coalesces, more or less, 
wherever two threads cross, causing irregularities of 
Buiface when the silk is wound oif; the threads are 
often imperfectly united as shown in Fig. 3, Plate 
IV, aad eometimee are not covered at all by the 
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gum : therefore regularity of outliue cannot be look- 
ed for. Fig. 5, Plate IV, will show the appearance 
of silk as it comes from the cocoon. The portion 6- is 
foraied by two threads crossing a third and shows 
how tlic gum flows from one tliread to another. The 
two threads are represented to be separate, the result 
ol* breaking, to be more fully ox[dained further on. 
Jn connection with the outer envelope, there is found 
more or less fatty matter, deposited irregularly 
ill small globules, imparting to the silk more or 
less color. Exposure to the air causes the gunmiy 
coating to become dry and sufficiently hard 
io crack, presenting an ai)i)earance as in Fig. 0, 
.Plate IV. Cold water does not clfect the condition 
of the threads, but in warm water the gum is soften- 
ed, and if the temperature l*e raised to the boiling 
point, is completely dissolved, causing a complete 
separation of the threads as shown in Fig. 4, Plate IV. 
The same thing occurs when subjected to the action 
of caustic alkali, but whereas the boiling water 
dissolves the gum without attacking the thread proper 
except under pressure, the alkali will dissolve both, 
though requiring greater strength to attack the inner 
thread. The varying effect of water and alkali on the 
two parts very naturally suggested a thought as to 
which would break first when subjected to a constant 
and uniformly increasing tension. By fastening one 
end of a thread to a glass slide which rested upon the 
upper stage of a microscope, and securing the other 
end to the lower stage, it was possible to notice the 
circumstances attending the breakage, the tension 
being obtained by moving the upper stage. It was 
noticeable that at intervals as the tension increased, a 
sudden movement of the thread would occur, caused 
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by the separation of the outer coating in which fre- 
quent cracks and openings appeared. The final 
break occurred so suddenly as to render it impossible 
to observe it, and only the result could be examined. 
Fig. 5, Plate IV, represents the end of a thread thus 
broken, showingthat the filaments were completely 
separated ; that a ])ortion of the gummy coating was 
carried away from its thread at h \ the irregular na- 
ture of the coating at a and c ; and the cracks on the 
outer surface throughout the length of the section. 

Tlie elasticity of silk is considerable ; but if the 
tension be maintained for a little while, the thread 
becomes permanently elongated ; and the thread 
itself being much more elastic than the dry gum sur- 
rounding it, carries the latter away in sections. 

The size of cocoons is very variable, as produced 
by different species of worms, and often the shape is 
also a marked feature. In the Italian (Fig. 1, Plate 
IV) the cocoon is large and well rounded at the 
ends, nnd of a beautiful buff* color. The cocoon of 
the Sap])oro worms represents the other extreme in 
size, though the shape is much the same (Fig. !2, 
Plate IV), while in the (•hinese the ends are some- 
what conical, the size being intermediate between the 
Sapporo and Italian. 

Of the different species of silk worms, there are 
enumerated six of the genus Bombyx and fifteen of 
the genus Attacus. In the last is found the Yama 
Mai^ or wild silk worm of Japan, and to the former 
belong the si)ecies which are important as furnishing 
the greatest sup]^ly of silk. The number of distinct 
species and varieties in Japan seems to be quite un- 
certain and use is made for the present of their local 
names. 
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The followhip; is a list of the principal kinds raised 
at Sapporo, witli the diameter and lengtli of eaeli 
thread annexed. 



1)IAMETRR.§ 



Ttalian 



Chinese 



JOshiu YeUow. 
TAkift YeUow.. 



Oshiii White. 
Sapporo 



1/800 

1/714 

1/714 

1/1000 

1 1000 

I/IOOO 



LEN(JTH.t 

1365-2535 
1443-2028 

805-1677 

1 356 ? 

1175- 1599 

429-1560 



WKitmr.:}: 



0.287 
0.165 
0.105 
0.1 85 
0.177 
0.110 



§ Inch. t Feet. % Grammes. 

The measurements in length indicate tlie silk wliicli 
is utilized for fine fabrics, to which must be added 
the floss and refuse for tlie total length of a tlirend. 
In the case of the Italian and Chinese, measurements 
were made of all the silk that could be unwound, nnd 
that of floss and remnant estimated to contain about 
six hundred feet in each kind, making the total 
length about tliirty-onc hundred and twenty-si.v 
liundred feet respectively. 

The measurements of length in the above table 
were made at tlie silk factory at Sapporo, and show 
the extreme (?) lengths of silk capable of being un- 
wound, and are given for further determination. The 
length varies greatly according to the temperature 
of the water in which the cocoons are immersed, and 
also with the length of time they have been kept. In 
the first case the outer layers are much less dense 
and the gum dissolves with greater facility than in 
the inner layer."*, which are compact ; the outer silk 
reeling off readily at a temperature of 120 ® F., while 
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to unwind the inner silk, the temperature of the 
water had to be maintained at about 200 ® F. ; the 
cocoons had l3een kept for six months. In the 
second case the silk will unwind readily when the 
cocoons are first formed, but as the gum hardens, the 
temperature required to dissolve it will increase as the 
time the cocoons are kept. The extreme difference 
in the length of Sapporo silk is probably due to the 
fact that the worms feed upon wild leaves ; are raised 
by the farmers and subject tx) the influence of many 
conditions which properly housed worms are protect- 
ed from, and in consequence, produce cocoons of 
very variable size and quality. In the case 
of the other silks, the variation was possibly, 
in part due to a difference in the temper- 
ature at which the worms were raised, a consideration, 
however, which requires more careful examination. 
The weights given are those of the cocoons afber the 
chiysalis had been removed from each . It will be 
seen that the diameter, length of thread and weight 
of each cocoon correspond somewhat generally Avith 
the size of the latter, l^eing arranged in order of size. 

There are several diseases to which the silk-worm 
is subject, but \\\q one which is most destructive is 
known as Muscardine, characterized by the growth 
of a fungus, Botiytis Bassiana, which covers the 
worm with a white down . Of the diseases which 
attack the worm at Sapporo, there seem to be four, 
which have been designated as rot, shrinkage, sudden 
death and solidification ; the nature and origin of 
which, whether the result offimgoid growth or not, can 
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only be determined by observations npon the worms 
during the period of their growth the cominfy spring. 
During an examination of cocoon© in February, it 
was noticed that the chrysalis of a Sapporo 
worm was covered with muscardine, while on the 
pupa of a T6ki6 Yellow worm was found an abund- 
ance of Asiperg'dhiii cancl'ahis (Cook)^ a minute fungus 
common to decaying animal matter, so that its 
presence may have been wholly due to the condition 
of the dead pupa on which it was found. The latter 
however was hard and did not appear to be in any 
stage of active decomposition. 

The means by which these diseases are transmitted 
from generation to generation presents an important 
and interesting subject for inquiry. From the minute- 
ness of the spores, there are many ways in wliich a 
nursery once infected would be constantly troubled ; 
the spores finding lodgement in every crack or blown 
about by the least current of air are ready to develop 
as soon as they meet with favorable conditions. 

In conclusion it mav be said that the strength of 
silk produced under different conditions, and subject- 
ed to different treatment, as well as a comparison of 
such with the strength of other fibres, are questions 
now under consideration, and will be elaborated as 
soon as a testing machine, now in process of construr- 
tion, is completed. As opportunity offers the subject 
of textile fibres will be more fully considered, eacli 
subject as presented here receiving special considera- 
tion ; and the present treatment of the subject is 
offered onlv as an introduction to future work, 
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